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IV. 


39. Mixture or a Ligurp anp 1Ts Vapor. 
—A vapor confined in the presence of 
the liquid from which it evaporates, soon 
arrives at its maximum tension and it is 
then said to be a saturated vapor; but a 
vapor removed from its liquid is, in gen- 
eral, superheated. 

The thermodynamic behavior of super- 
heated vapors has been included, at least 
to a close degree of approximation, in 
the equations and discussions of the be- 
havior of perfect gases; for superheated 
vapors are to be regarded us gases which 
are but slightly more imperfect than the 
so-called permanent gases. 

The physical properties of liquids and 
their vapors are well understood in a 
general way from the familiar example of 
water and steam which may be taken as 
the type of the mixture to be treated. 

The equations for mixtures which we 
shall arrive at, apply however, not only 
to mixtures of a liquid and its vapor dur- 
ing evaporation, but they also apply 
equally to a mixture of any solid and is 
liquid during liquefaction, such as melting 
ice and water, or to any chemical de- 
composition in progress or to the phe- 
nomena of dissociation. 

The substances heretofore considered 
have not been regarded as undergoing a 
change of physical state which is of such 
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a discontinuous nature as vaporization, 
liquefaction or decomposition, but it has 
been assumed that the substance under 
consideration was such that the volume 
(or any other physical property) of a 
unit of the given substance was a defin- 
ite, though perhaps unknown function of 
its temperature and pressure. But with 
a mixture of a liquid and its vapor it is 
otherwise, for in that case the pressure 
depends directly upon the temperature, 


so that 
p=f(d - 


in which jf denotes a form of function 
which can be determined by experiment. 

The volume or any other physical prop- 
erty of the mixture evidently cannot in 
this case be expressed as a function of p 


(212) 


,and ¢, for by the help of (212) it would 


then be possible to eliminate one of these 
variables and express the volume, etc., in 
terms of either single variable p or ¢. 
The physical state of any substance can 
not be thus determinately expressed as a 
function of one independent variable, 
but requires, as has been previously 
stated, two independent variables in 
order to determine its state. Hence any 
of the previous general equations which 
can be reduced by help of (212) in such 
a manner that it will contain but one in- 
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dependent variable will evidently be use- 
less as applied to a mixture as a whole, 
though still true as applied to each of 
the separate homogeneous substances 
which compose the mixture. We may 
notice among others that (31), (51), (60), 
(88) and (94) are useless as applied to 
mixtures. 
40. Latent Heat or Evaporation.— 
Let /=latent heat of evaporation per 
unit of weight of liquid at tem- 
perature ¢. 
Let e<=weight of the vapor contained 
in a unit of weight of the mix- 
ture. 
*. 1—x=weight of the liquid in a unit 
of the mixture. 

1=($) a (<) 
~Ndatl pe — Nhe} pe 
in which the subscripts, as before, denote 
the constants. 
Let v=volume of a unit of weight of 
the mixture at temperature ¢. 
Let v’=volume of a unit of liquid at 

t. 

Let v’=volume of a unit of vapor at ¢. 


(213) 


“. v=(1—ax)v’ +20" (214) 
in which z is independent of ¢. 
. ee ae 
seer ey (215) 


in which there is no restriction as to 
temperature or pressure, hence (215) is 
also true in case ¢ and p are constant. 


. by (218), (=), () = (216) 
. by (215), (v’—v’) (sa) .=7 (217) 
By 0) (7) =(Z) =H - 28) 


in case of a mixture. We are at liberty 
to remove the restriction of constant 
volume from this last differential co-effi- 
cient, because from (211) we shall obtain 
the same value for it when it is unre- 
stricted as when it is restricted. 


dp _ 

ae 
in which / is the latent heat of evapora- 
tion and v’’—v’ is the increase of volume 


.. by (217), (v’”—v’) (219) 


Equation (219) is of great importance in 
the discussion of mixtures, and in it the 


value of + is to be derived from (212) 


the form of which has been determined 
with great accuracy by the experiments 
of Regnault. 

As a result of these experiments it ap- 
pears that the latent heat of steam may 
be expressed with sufficient accuracy for 
practical purposes by the formula 


l=a—bt (220) 
which may be used where convenience 


demands it, instead of the exact formula 
(219). In case / is expressed in foot lbs. 


a=1109550, b=540.4. 


We shal! now obtain another equation 
involving the latent heat /, and the spec- 
ific heats of the liquid and its vapor. 


Let c’=the specific heat of the liquid. 
Let c’=the specific heat of the vapor. 
Then, by (60), the increments of heat 


imparted to a unit of the liquid and a 
unit of its vapor are respectively 


dh’ . _D_, 
= (%’» + Uy 7 )=e ... (221) 
dh" - , DD , , 


in which the primes refer to the liquid 
and the seconds to its vapor. 

During the evaporation there may be, 
in the general case, also a change of 
temperature, hence, the total increment 
of heat imparted to a unit of the mixture 
is the sum of the increments imparted to 
the liquid and vapor respectively, added 
to the latent heat 


. dh=e'(1—ax)di+c’xdt+ldz...... (223) 
In art. 14 it is shown that ¢—! is an inte- 
grating of every value of dh such as (223) 
th ae 
oO =de= [e’ + (c’—c’)x] +2 


is an exact differential, and fulfills the 
equation of condition of integrability, 
which may be expressed as follows:— 

—c ad ( l dl 
t ~ dt\t dt 


which is independent of x and is the 
equation involving the latent and specific 


. . (224) 


, 


” 
c 





), or, oc’ —c’= ,. — : .» (225) 








of a unit of liquid during evaporation. 


heats. 
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It is known that c’ = 772 foot Ibs. 
nearly, hence by obtaining the terms in 
the last member of (225) from the ap- 
proximate equation (220), we find the 
following approximate value of the spe- 
cific heat of saturated steam, per degree 


” 
Cc 


, 


=Cct— 


772t—1109550 
; i 


which is a negative quantity at all press- 
ures under a point somewhat above ten 
atmospheres. 

This remarkable result, which has 
important practical bearings, may be 
stated thus: When saturated steam is 
compressed adiabatically, it becomes 
superheated, the external work of com- 
pression being more than sufficient to 
raise its temperature to the point of sat- 
uration due to this higher pressure; but 
when saturated steam expands adiabati- 
cally, some of it condenses, the external 
work it performs being more than 
equivalent to the heat emitted from the 
steam alone during its decrease in tem- 
perature. , 

The specific heat of certain vapors, as 
ether, are positive, and it appears prob- 
able that there is a temperature for each 
vapor above which its specific heat is 
positive but below it is negative. 


a 
t 


41. Enrropy Impartep to a Mixture, 
ETc.—Eliminate c’—c’ between (224) and 
(225) 































is sensibly exact for a mixture of water 
and steam. 

The last term in (230) being the integ- 
ral of the last term of (229) expresses 
the entropy which would be imparted to 
the unit of water in raising it from ¢, to 
t,, or which would be given out by the 
water in falling from ¢, to ¢. Hence 
we may consider that this term is the 
entropy of the sensible heat imparted 
which causes the change in temperature, 
and which by the third law is unaffected 
by the physical condition of the water. 

We are enabled by this consideration 
to find the entropy which must be im- 
parted to a mixture of steam and water 
in contact with a regenerator or in con- 
tact with any metallic conductor which 
may be regarded as having, by reason of 
this contact, the same temperature at all 
times as the mixture. Let the weight of 
metal in contact with each pound of mix- 
ture be y, and its specific heat be ¢,, 

a +(c’+e y)log <2 (231) 
t, t, ‘ t 

|is the entropy imparted to the mixture 
|in contact with the metal. 

| Any equation for steam and water can 
| be corrected so as to apply to the same 
in contact with metal by substituting 
c’+e,y instead of ¢’. 

| We may apply (230) to various special 
|cases of expansion as follows: 


. €,—€,= 








1°. During isothermal expansion ¢,=¢, 





djl\ y ~\|=t and by (219) or (220) we see th 
: dim t Slt de 25 y (419) (420) ee that 
, Ge 1s(-)+5 tats sae. (088) | 2 aad at 
i.e 7 (4 -h.=t(e.-—e,)=—Uax,.—2x.). (232 
: de=a(=) +e - (228) |°* PY (280), %, h, a e=Un, ) (232) 
t t jis the total heat imparted during the 
le le 2 dt isothermal expansion of a unit of mixture 
M, ¢.—¢,=-—- - 7 i ae (229) |of steam and water between the states 1 
2 ‘4 % ‘and 2. 


which is the general expression for the | 2°. During adiabatic expansion e,=¢ 
entropy imparted to a unit of the mixture | —¢, and if the state 2 is any state on the 
in order to carry it from the state 1 de-| adiabatic we may conveniently omit the 
fined by the variables ¢, x, to the state 2| subscripts 2, . 

defined by the variables ¢, x, The last | ; 
term of (229) cannot be integrated until |. py (230), da he; +c‘log, § =0.. (233) 
it is known how ¢’, the specific heat of} ~ é 4, ™ & 

the liquid, is related to these variables. In | is the equation of an adiabatic curve for 
the case of water c ‘18 80 nearly constant |_ unit of mixture of water and steam, in 
that the result obtained by so regarding | terms of the variables ¢.r, in which t,x, is 


it will not lead to sensible error in prac- | one point of the adiabatic. 


tice. | 3°. During expansion of the mixture 
aie 4a, be, +c'log t (230) | ithout evaporation or condensation 
aT ae t, : t, |e, =e =e, 
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l l, , , 
- by (280), ¢,—e,=a(?—7') +e" log 


. (234) 


is the entropy imparted along this curve 
of no evaporation from ¢, to ¢,. 

When «=1, (234) refers to a unit of 
steam which is saturated and dry, and 
the curve expressing its successive states 
may be called the saturation curve. 

42. Exrernan Work or a Mixture 
puRING Expansion.—If for convenience 


(235) 
(236) | 


vy" —v' =u 
l 
-. by (219), w ® : 


we let 


dv_dv’ d(ux) 
» by OI) = a ta 


for v’ may “A taken as ee, constant 
in case of water. 


=e #) . (237) 








dio _ ae d(ux) 922 
.-. by (10),- = Ps= - 7 . (238) 
dw_ d(pux) dp 9a 
ae eet ee 
dw _ A(pux) lx . ° 
. by (236), =~ — (240) 


Either (238), (239) or (240) may be inte- 
grated to find the external work. 

1°. In case the expansion is isother- 
mal, p and wu are constant 
*. by (238), w,—w,=pu(w,—za,) ... (241) 

2°. In case the expansion is adiabatic, 
we have ‘a (228) 

d , 0 , a(x) be 
.. by a. dw=d(pux)—d (lx) —e’dt . (243) 
o's WO, =P 8, —P 4,2, —la, 
+¢2,—e'(t,—t,) . . . (244) 

in which each of the terms in the last 
member are known in terms of ¢, and ¢, 
by help of (212), (220), (233) ) and (236). 

3°. Let x be constant during the ex- 
pansion, 


*. by (240), do=x(d pu} at) . (245) 


(242) 


. by (220), dio=2\ dpe] —Fae + bat) 
(246) 

PY, —alog,2 3 ¢ thie, -t,)) 
(247) 


"0-0, =a(p,x 











from which we obtain the work along the 
saturation curve by making z=1. 


43. InrernaL Enerey anp Torat Hear 
ImparTED To A MixturE.— 


By (228), dh=tde=c'at + ta(“) _ (248) 


 dh=c'dt + dU(lx) Sat ? (249) 


But by (236), “t= uoedp =A puat)-d( v2) 
(250) 


*. by (237), © dt=a\ pua)—pdv . (251) 

. by (249), dh=ce’ sie 

. (252) 

Either (248), (249) or (252) may be in- 
tegrated to obtain the total heat im- 
parted, which can also be found from 
(223). 

Equation (4) may be written by (10) 
in the form dh=di+pdv, and by com- 
paring this with (252), we have 

di=e'dt + d(lx) —d( pux) (253) 
. ¢,—t,=e (t,—t,) +12,—l2e,—p,u,2, 
+p,u,2, (254) 
which is independent of the kind of ex- 
pansion, as it should be by art. 15. 

The total heat imparted is to be ob- 
tained in any case by adding (254) to the 
external work obtained in art. 42. 

The total heat imparted during expan- 
pansion along a curve of no evaporation 
is so important in its practical bearings 
and so simple in its expression that we 
shall now obtain it. In this case 
%,=2,=2. Substitute the value of / 
taken from (220) in (248) 


. dh=e' dt—ax— ‘ (255) 


, 6. wore 
 h,—h,=c'(t,—t,)—azlog, _ 256) 


1 
from which by making 1,—h,=0, we can 
find the value of # such that no heat need 
be supplied in order that « may have the 
same value at ¢, as at ¢,. 

44. EmpreicaL Formurtar ror STeaM.— 
It appears from the indicator cards of 
steam engines and other experiments on 
the expansion of steam that the curves 
of expansion can be represented with 
sufficient exactness for practical purposes 
by an equation of the following form: 


pe"=c (257) 
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which has the form previously employed 
in case of perfect gases, but the con- 
stants in (257) have values for steam 
which differ from those of perfect gases. 

In case of superheated steam it has 
been shown by experiment that even to 
the point of saturation. 

n=4=1.3333 . . (258) 
is a close approximation. We wish to 
direct especial attention to this import- 
ant experimental result since it has been 
widely misstated, and hence shall quote 
authority for it at some length by trans- 
lating a paragraph found on p. 448 of 
Théorie Méchunique de la Chaleur, par 
G. Zeuner, traduit de Allemand, par 
Arnthal et Cazin, Paris, 1869. This 
paragraph is found in an addition made 
by these translators—“ Zeuner supposes, 
« priori, that. the equation of the adia- 
batic curve for superheated steam, coin- 
cides with that of gases; only he replaces 
the constant »=1.41, which applies to 
gases by n=4. He regards this hypoth- 
esis as sufficiently justified by the exact- 
ness of the results which he deduces 
from it. We are constrained to say that 
it agrees sufficiently well with the recent 
experiments which M. Hirn has made in 
conjunction with one of us.* Though 
our experiments have not shown that x 
is rigorously constant, yet the numbers 
which we have deduced for that quantity 
vary so little from 4 that Zeuner's con- 
stant is acceptable in technical applica- 
tions.” 

Rankine refers to the same experiments 
on p. 320 of his Steam Engine as author- 
ity for n=1.3 for steam in a perfectly 
gaseous state. 

McCulloch on p. 234 of his Treatise on 
the Mechanical Theory of Heat makes 
the statement that »=4 for saturated 
steam, referring to the same experiments 
as authority for the statement, which 
taken in connection with the rest of the 
paragraph has been taken to mean that 
n=4 for a mixture of steam and water 
during adiabatic expansion. This is a 
mistake, as Zeuner shows on p. 332 of 
the book above referred to, that we are 
justified in taking as a mean value, 


n=1.135 (259) 
for adiabatic expansion when the steam 





* Mémoire sur la detente de la vapeur d'eau surchaufée, 
par MM. Hirnet Cazin. (Annales de Chemie et de Phys- 
ique, 4° série, tome X). 





is saturated and dry at the beginning of 
the expansion and expands within the 
limits usual in steam engines. 

In case of a mixture of steam and 
water, Zeuner further shows on p. 335, 
that for adiabatic expansion 

n=1.035+ 7; 2, - 
in which x, denotes, as previously, the 
fraction of the unit of mixture which at 
the beginning of the expansion is in the 
form of steam. 

It is seen that (259) is a case of. (260). 
Rankine was the first who proposed the 
use of a formula of the form of (257), 
and he proposed in ordinary practice to 
let n=12=1.1111 . (261) 
by comparing which with (260) it will be 
found that it corresponds to the case in 
which v, =? nearly. 

Besides adiabatic expansion, the case 
most necessary to treat is that in which 
the steam is kept saturated and dry. 
The importance of this case arises from 
the fact that in a jacketed steam cylinder 
while it may be very possible to supply 
heat so as to prevent condensation 
during the stroke, it would be hardly 
possible to super-heat the steam in 
course of the stroke owing to the fact 
that steam is a poor conductor of heat. 
Zeuner shows on p. 301 of the book 
before quoted that 

n=1.0646 
in case the steam is kept saturated and 
dry during expansion. 

Rankine proposed in his Steam Engine 
for expansion in jacketed cylinders 

a=1j{=1.0625 
which differs little from (262). 

To recapitulate these results approx- 
imately, 
n=1.41=4, for adiabatic of perfect gases, 
n=1.333=4, for adiabatic of steam gases, 
n=1.135=14, for adiabatic of wet steam, 
n=1.0645=13, for saturation curve of 

steam, 

, for isothermal of perfect 
gases. 

The relation between these curves is 
shown in Fig. 6, in which it is seen that 
the greater the value of the steeper the 
slope of the curve. The curves so nearly 
coincide when drawn to scale that strict 


(260) 


(262) 


(263) 


n=1.000 
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accuracy has not been sought in the fig- 
ure. 

Suppose for example that a volume 
of dry and saturated steam _repre- 
sented by 03 expands adiabatically in a 
cylinder to 6; then as previously stated 
in art. 40, part of it is condensed during 
the expansion. This fact has been ob- 
served experimentally by Hirn, and is 
now universally admitted. The. work 
performed durivg the admission of steam 
from the boiler, and during its expansion 
is represented by the area 03670. If the 
cylinder should be employed as a com- 
pressor, the water which was condensed 
during expansion would be re-evaporated 
during the compression along 63, and the 
total work required to drive the steam 
into the boiler is also represented by the 
area 03670. But suppose we should, 
instead of driving back the entire mix- 
ture, separate the condensed water at 6 
from the steam, and drive back the steam 
only. Neglecting the volume of the water 
so separated, the steam will on compress- 
ion become superheated (as it has no 
water to re-evaporate), and will be com- 
pressed along 64, so that the work to be 
performed in forcing it back into the 
boiler will be represented by 0467o, 
which is an amount larger than was per- 
formed during the admission of the 
steam to the cylinder and during its 
expansion. 

Certain new types of steam engines 
have been recently proposed by Prof. 
Thurston* apparently on the supposition 
that the second law of thermodynamics 
does not apply to steam. As no known 
facts are at variance with this law, such 
a supposition is inadmissible. 

In particular, it was contemplated that 
one of these types of steam engines 





* Journal of the Franklin Institute, Vol. 104, pp. 252, 
3156, 389, 
Proceedings of the Am, Assoc. Advance Science, 1877, 


p. 85. 
Hist. of the Growth of the Steam Engine. New York, 
1878, p. 484, et seq. 


should have essentially the cycle above 
described, the proposer quoting certain 
authorities to show that the curve 64 lies 
on the other side of 63 from that shown 
in Fig. 6. 

If it is possible to accomplish the re- 
sult proposed in these engines, then the 
second law, which is apparently well 
grounded, is not tenable, and we must 
not only set aside the results of that 
most accurate of modern experimental- 
ists, Regnault, as untrustworthy, but 
we must also regard all who have made 
experiments upon the specific heat of 
steam as having arrived at erroneous re- 
sults. 

45. Apiapatics For Stream. — These 
curves are given by (233), or by (257) and 
(260), but these equations are somewhat 
complex for practical purposes. A prac- 
tical simplification has been effected 
which, together with other matters of 
importance, will now be detailed. 

Suppose that the three adiabatics be 
drawn for a unit of mixed steam and 
water starting from the temperature ¢,, 
in which ~,, x,’, x,” are fractions express- 
ing the initial proportions of steam in 
the three cases. Then by (233), 


t, 


. (265) 





a , 
ez 


which is a relation between any three 
adiabatics. In order to render this of 
practical use, let a,'=0, in which case 
the mixture initially contains no stream, 
and the adiabatic sensibly coimcides with 
the axis of no volume; also let #,”=1, in 
which case the adiabatic is that of steam 
initially saturated and dry (259), 
et—z 


by (265), —=—, 


eu —o 


pb? 


; (266) 
Now by (214), vx=w+uzx 
vy =wt+ ua’ 
Vv" =wt+ux’ 


(267) 





. by (266), =e, (268) 


lin which w is the volume of a unit of 
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water, v, v’ v’’ are the volumes of the re- 
spective mixtures at any given tempera- 
ture ¢, or what by (212) is the same 
thing at any given pressure p. Hence 
to construct the adiabatic corresponding 
to any initial value of z,: Suppose, as 
in Fig. 6, that the adiabatic 396 for 
steam initially saturated and dry has 
been constructed, as also the adiabatic 
for water, which may be taken as approxi- 
mately vertical, then by (268), we have 


approximately, 
v=2,0". (269) 


In Fig. 6 the adiabatic 3’9’6’ is drawn 
for the case in which x,=4. 

The same relation holds between the 
various curves of no evaporation, as 
appears by combining equations (267) 
together; so that to obtain the curve for 
which x has a given value, it is only nec- 
essary to draw that for which 2’=1, as 
obtained by (262), and then subdivide 
the abscissas in the manner expressed by 
(269). 

46. Work or Expansion oF StTeam.— 
This can be found for the different cases 
by art. 42, but the convenience of the 
empirical formulae (257), etc., in art. 44, 
have led to the frequent use of expres- 
sions for the work derived from them. 
By (10) and (257), dw=pdv=cv—"dv 

oa (270) 





. — —_ ¢ » 1—n 9, 1—n 
+ 0,00, = — (v, "4 
_P,v,(1—7) 

n—1 
in which by (186) v.—"=rv,—. 


When, however, n=1, the curve is a 
rectangular hyperbola, and we have from 
(270) 


ose GT) 


By (10) dw=pdv=d( pv)—vdp . 





w,—w,=p,v, log =! , (272) 


The work performed along the different 
curves does not differ greatly, and hence | 
(272) is frequently used for computing 
the external work, especially any leakage 
through the valves causes this result to 
be more nearly correct. 

The total heat supplied along these | 
different empirical curves is, however, | 


. . (273) 


—vdp=dw—d{( pr) 


. by (131), a(x) 
(274) 


-. by (243), a( ic ) =a( prux) —d (te) 
—e'dt—d(pv) . . . (275) 
Integrate between the states 1 and 2, 
and reduce by the following equations 
derived from (214) 
V,=v'+ue,, v,=v'+Uu,2,, 
=e'(t, —t,) + lw, —la, +v'(p,—p,) 
(276) 
which result after neglecting the term 
v'(p,—p,) can be still further reduced, 


. Vv 
*- 2g 


for by (233), z,——* 1,7, —c't, log 
(277) 


(+ “22)(t,—t,) +e't,log. & 

. | (278) 
which is the fundamental equation of 
adiabatic flow for the mixture. 

In case x,=0 we have the expression 
for the flow of water from a boiler, in 
which case ¢,=212° F, and the term 
v’(p,—p,) must not be neglected, as it 
must not be whenever 2, is small. 

In order to determine the state of 
steam after efflux we must find the total 
increment of internal energy after the 
energy of motion has been transformed 
into heat, which may be done in several 
ways, but most readily from the consider- 
ation that since no heat is received dur- 


Vv 2 


os 29 - 


ling efflux, 


di+dwo+vdp=0 . (279) 
.. by (273), di+d(pv)=0. (280) 
But, v=v'+uxr .. d(pv)=d(pur) (281) 
.. by (253) and (280), e’dt + d(dx) =0 (282) 


,, al — dz sles 
~ C +22=—l5 ° (283) 
-. by (220), 772+ 5400=— (284) 
td 


from which it appears by (220), that as 
the temperature decreases evaporation 


quite different, and .it cannot be com:| occurs, é.e. that when dt is negative dr 
puted from the curves as they appear on | must be positive. 
the indicator card. 

47. Aptapatic Fiow or Mixep Stream 
AnD WatTER.— 





Equations (279) to (280) are the equa- 
tions of the isodynamic curves of steam. 


| Zeuner states that the isodynamic curves 
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of wet steam are represented by (257) 


when 
n=1.0456 . (285) 


Hirn deduces from his experiments 
that in case of superheated steam »=1. 
A comparison of these curves with the 
curves of no evaporation and saturation 
curves shows that the result deduced 
from (284) is correct, and that in case 
the steam is saturated before efflux it is 
superheated after efflux, although it is 
not so within the orifice, before its energy 
of motion has been transformed into 
heat. This result can be observed, as a 
conical surface separating the cloudy 
(wet) steam from the transparent (super- 
heated) steam can be seen at an orifice 
when steam is discharged at a high initial 
pressure. 

48. Sream Insectors anp Esectors.—A 
steam injector consists essentially of a 
condensation chamber into which flows 
a jet of steam and also a supply of water, 
and out of which flows a jet of water. 

Let the steam jet flow from a boiler in 
which the state is denoted by subscript 
1. Let the state of the water at its 
entrance into the chamber be denoted 
by the subscript 0, and let 2 denote the 
state of the jet of water flowing from 
the chamber. 
flowing into the chamber may be neg- 
lected, and its pressure p, should be 
computed by taking the algebraic sum of 
the atmospheric pressure and the press- 
ure due to the head of the reservoir from 
which the supply comes, above or below 
the chamber. 

Consider first the jet of wet steam sup- 
plied by the boiler, which is condensed 


in the chamber and flows out in the jet| 


of water. If v is the velocity of jet of 


water, then the total energy lost, per unit | 


of steam supplied, in its passage through 


the chamber is evidently 





* * V ‘ yal 
$,—t, +p,0,—p,",— 29 (286) 
for: the steam carries with it into the 
chamber its initial internal energy 7,, and 


the external work p,v,, which is expended | 


upon by the boiler in forcing it into the 
chamber, and in going out of the 


chamber it carries out internal energy (, 
and does external work p,v,, besides its 
energy of motion due to the velocity v. 
The loss of energy expressed by (286) is 
that imparted to the water it meets in, 





| which came from the reservoir. 


The velocity of the water | 





the-chamber. The energy gained, by 
each unit of the water supplied, between 
its entrance into the chamber and its 
efflux from the chamber is expressed 
similarly by 


2g 
Now suppose that each unit of water 
flowing out of the chamber is composed 
of a fraction of a unit y which came from 
the boiler, and the rest of the unit 1—y, 
Hence 
(286) multiplied by y and added to (287) 
multiplied by 1—y is equal to the total 
heat per unit of efflux of water imparted 
to or taken from the chamber by conduc- 
tion or otherwise than through the water 
and steam. This under ordingry circum- 
stances may be taken as zero, 
y? 

_ —= fr ¢* . 
pis Og vy PY, P%,) 

oi é— ¢, +P,¥,—P,”,) - (288) 
By (254), i,—i,=c'(t,—t,) +12,—p,u2, 
(289) 
a6. 


2 


i_— i,+D,Y%.—P.?.— (287) 


for «,=0; and similarly in 7,—i,, 
v’ P ; 
“ ge ylet,—t) +12, + (P,—p,)?’] 

—e'(t,—t,) + (p,—p,)v ° (290) 
This is the fundamental equation of 
the injector, and in it all the quantities 
except v, y and ¢, may be considered to 
be fixed in any given case by circum- 
stances over which we have no immediate 
control. Indeed ¢, is also partially inde- 
pendent of control for the injector will 
not work, #.e. complete condensation will 
not take place, if ¢, is near boiling point 
at the pressure inside the chamber. But 
over y it would at first appear that we 
have complete control, for the propor- 
tions of steam and water can be regu- 
lated by suitable cocks, but such is not 
in reality the case, for by sufficiently in- 
creasing y, ¢, will be increased beyond 
the boiling point within the chamber. It 

then appears that ¢, is dependent on y. 
Were it possible to find what function 
t, is of y, we should be able to determine 
what value of y would, in any given case, 
give a maximum value to v. But it is 
evident that it is impossible to find out 
what this function is in general, because 
it depends upon the construction, ar- 
rangement, relative size and position 
of the tubes conveying steam and water. 
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It would seem possible to solve the prob- 
lem in the case when the greatest veloc- 
ity is given to the water which can theo- 
retically be communicated to it, but the 
solution would be of no practical import- 
ance in case the injector is employed, as 
it usually is, to supply the feed water to 
a steam boiler. For in this case all of 
the energy which is drawn from the 
boiler in order to work the injector is 
restored again to the boiler in the inter- 
nal energy of heat and motion of the 
feed water, except that expended in rais- 
ing the feed water from the level of the 
reservoir to that of the boiler, as is evi- 
dent from the fact that no energy has 
been expended except upon the feed 
water. Hence it is of no consequence 
how much steam is used in driving the 
injector since it all returns to the boiler. 
It thus appears that a boiler injector is a 
machine whose efficiency is unity, and 
hence it is impossible that any other ap- 
paratus can work more efficiently. If, 
however, the injector be used simply as 
a pump for raising water from one level 
to another, it is a matter of prime im- 
portance to investigate the relation of ¢, 


to y, for in this case the energy expended 
in heating the water is lost, and the effi- 
ciency depends upon the energy of mo- 


tion communicated to the water. In any 
case (290) enables us to compute the 
energy of motion imparted to the water 
when we have observed ¢, the tempera- 
ture of the effluent water. 

The action of the steam injector is 
more prompt and energetic when the 
temperatures ¢, and ¢, are sufficiently low 
to insure rapid condensation. 

To determine the limiting value of ¢,, 
above which it is impossible for the in- 
jector to work, we must find the tem- 
perature ¢ of saturated steam at the 
pressure p,, which is the hydrostatic 
pressure within the condensation cham- 
ber, t,<t’. In practice it is found 
that ¢, must be from 12° to 20° F. below 
t’ in order to insure a sufficiently rapid 
condensation. 

The efficiency of the pumps which 
have thus far been constructed on the 
principle of the injector has been small, 
but there is another way in which this 
apparatus is employed, viz: as an ejector 
condenser for condensing engines in 
which the results obtained are more 
remarkable than when employed as an 


injector. The ejector condenser forces 
the water of condensation to heights due 
to the difference between atmospheric 
pressure and the vacuum in the con- 
denser, and also ejects the whole volume 
of condensing and condensed water 
against atmospheric pressure, out of the 
necessarily rejected heat of the steam. 
This is the total work ordinarily per- 
formed in working the pump to supply 
the water of condensation, and in work- 
ing the air pump to preserve the vacuum. 
The whole of this work is performed by 
the ejector condenser without expendi- 
ture of useful energy by the engine. In 
other words the ejector converts a high 
pressure engine into a condensing en- 
gine without drawback, thereby increas- 
ing the efficiency of the engine through 
changing at once the temperature of its 
refrigerator from 212° to 175° or possibly 
to 150° F. Such a diminution of the 
temperature of the refrigerator adds 
notably to the efficiency of the engine as 
appears from the concluding paragraph 
of art. 19. As at present constructed, the 
energy due to the velocity with which 
the water reaches the ejector should not 
be neglected, and can be introduced into 
the preceding formule by introducing 
into (287), etc., instead of 7, the expres- 


sion 
» 9 


a 
~%+ta 


2¢ 


(291) 


in which vy, is the velocity of approach. 
——e eo —____—__ 


Two Pennsylvania gentlemen have re- 
turned from China, whither they went 
about a year ago to examine, for the 
Chinese Government, the oil grounds of 
the Island of Formosa. They report 
that a well was drilled through soapstone 
396 feet; then 136 feet of drill pipe were 
put in and 265 feet of casing. No more 
casing could be got in owing to the cav- 
ing in of the rock. At 348 feet depth a 
large vein of salt water was struck, 
and it was found impossible to go more 
than 48 feet deeper. Fifty barrels 
of oil, says the Scientific American, 
were pumped in ten days. The oil is 
very light in color and gravity, and was 
burned in lamps without refining. The 
property belongs to the Chinese Govern- 
ment. 
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THE TURBINE-WHEEL DISCUSSION. 


A REVIEW OF THE REPLY OF PROFESSOR TROWBRIDGE. 
By Pror. WM. H. BURR. 


Written for Van NosTRANb’s ENGINEERING MaGaZINE. 


As Professor Trowbridge refrains from 
giving any detailed proof regarding the 
main points of this discussion, he leaves 
them in essentially the same positions in 
which my April article placed them. 
Proof of a little more analytical charac- 
ter of what was therein shown will, 
however, be given in this article. Two 
or three points, also, of his last commun- 
ication will be examined. 

The superabundance of his general 
assertions can only, and simply, be met 
by other assertions equally general, 
equally futile, and, consequently, equally 
valueless. 

Such assertions, therefore, are entitled 
to no consideration and will receive none. 

He seems to the writer to raise a 
cloud of “confusion” with no appar nt 
object, unless, perhaps, the purpose of 
discreetly taking refuge within it. 

In view of the different statements in 
the two articles of Professor Trowbridge, 
it becomes a matter of no little interest 
to determine just what that is to which 
he objects, in “the theoretical investiga- 
tions of the turbine wheel, as given by 
Rankine, Weisbach, Bresse and others.” 

In his March article occurs the follow- 
ing paragraph :— 

“The theorem or axiom insisted upon 
by these writers was that the ‘water must 
enter the wheel without shock, and hence, 
the mathematical condition that the tan- 
gential velocity of the wheel, where it 
receives the water, and the corresponding 
component of the velocity of the entering 
water must be equal, the effect of which 
is to prevent all impulsive effects of the 
entering water.” 

Does Professor Trowbridge mean by 
“corresponding component” a rectangu- 
lar or oblique component? If he means 
the former then, truly, all . impulsive 
effects of the entering water are pre- 
vented. But neither Weishbach nor 
Bresse even state that the rectangular 
component of the entering water, tan- 
gent to the wheel circumference, must be 
equal to the tangential velocity of the 


wheel; it is an oblique component which 
they make equal to that velocity. 


So far as the formule of those writers 
are concerned the rectangular component 
of the entering water, tangent to the 
wheel circumference may be greater 
than, equal to, or less than, the tangen- 
tial velocity of the wheel; and in the first 
of these three cases an impulsive effect 
of the water will be assured. 


The objections of Professor Trowbridge 
do not, therefore, hold if his “corre- 
sponding component” means “ rectangu- 
lar component.” 

It may be supposed, therefore, that he 
objects to the oblique tangential com- 
ponent being made equal to the tangen- 
tial velocity of the wheel. But these 
authors advise and “insist upon” this 
equality (without in any way affecting 
their formulae for best velocity and effi- 
ciency), in order that the water may en- 
ter the wheel tangentially to the bucket, 
and thus avoid the loss of energy due to 
what they call “shock,” é.e., impact of 
water in water. 

It is important to notice in passing 
that this elimination of “shock” does 
not prevent “impulsive action” of the 
water. 

From the paragraph quoted above it 
is seen that Professor Trowbridge ob- 
jects to the “theorem or axiom” that 
“water must enter the wheel without 
shock.” This taken in connection with 
what was said above in reference to the 
“oblique component,” forces on to the 
conclusion that he objects to the water 
entering the wheel tangeutially to the 
bicket. On the first page of his May 
article, however, he says: “I do not 
‘object’ to the authors named insisting 
on the principle that the water must 
enter the wheel without ‘shock.’” 

Consequently he does not, after all, 
object to the water entering along the 
bucket, and therefore to the equality of 
the oblique tangential component and 
tangential wheel velocity. 
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What then does the quoted paragraph 
mean, if it means anything? 

It is idle for him to make reference to 
the “reaction wheel,” for it was shown 
above in a general way, and will be 
Shown in detail hereafter, that impulsive 
action of the water is not prevented by 
such a condition of entrance. 

In fact as a general principle the great- 
est impulsive effect will be obtained, 
other things being equal, by water pass- 
ing on the surface, against which it im- 
pinges, in a tangential direction; since 
in that case all loss in eddies caused by 
impact of water in water will be avoided. 
This difference does not appear in the 
ordinary formulae, simply because the 
loss spoken of is omitted in them. 

Since, therefore, Weisbach and Bresse 
do not in any way suppose the rectangu- 
lar component of the velocity of the 
entering water to be equal to the tan- 
gential velocity of the wheel at the same 
point, and since in his May article Prof. 
Trowbridge states that he does not ob- 
ject to the water entering tangentially 
to the bucket, his objections against 
those authors are contradictory and 
futile. 

He admits that there can be no objec- 
tion against Rankine on the basis of what 
he does in reference to the oblique com- 
ponent of the entering water, or the 
bucket, for he (Rankine) deliberately ig- 
nores the whole of the bucket or blade, 
except that part of it which gives direction 
to the effluent water, and he thereby ad- 
mits all I claimed for Rankine’s formulae. 
I simply held the point that (omitting all 
loss caused by eddies consequent upon 
impact of water in water, or shpck) the 
formulae of Rankine, as well as those of 


Weisbach and Bresse, are not dependent 


on the angle at which the bucket cuts the 
wheel circumference at the point of en- 
trance. 

I used the word “shock” in the same 
sense in which Bresse and Weisbach use 
it in the same connection, 7.¢., as indicat- 
ing the violent disturbance manifested 


by eddies, and not as indicating impuls- | 


ive effect of the water. The two things 
are very different. 

In order, however, to avoid all zon- 
fusion on this point, the word “shock” 
will be used not to indicate impulsive 
effect, but, as heretofore, to indicate that 


“violent disturbance,” as Bresse calls it, 
in which energy is lost by eddies, &c. 

I readily agree with Prof. Trowbridge 
that it is necessary for Rankine to make 
|v=ar in order to get the greatest effi- 
|cieney from his formule when friction is 
neglected. His method of investigation 
(which is considerably different from that 
of Weisbach and Bresse) renders such a 
substitution necessary. 

But Professor Trowbridge has neg- 
lected to follow Rankine a little farther. 
In Art. 177 of his “Steam Engine,” Ran- 
kine discusses the “efficiency of turbines, 
allowing for friction.” He goes back, 
for the outward flow turbine, to the 
|general expression for efficiency in Art. 
174, introduces a proper term for the 
friction and then writes the whole ex- 





| pression in terms of z= — , in which 
| vV 2yh, 
|A, is the total head. He then proceeds 
|by the ordinary methods of the calculus 
'to determine what value of z will make 
'the expression for the efficiency a maxi- 
jmum. fe does not do it by making 
v=ar, but in speaking of friction, states, 
“this cause of loss of work not only 
diminishes the efficiency of the turbine, 
but diminishes very considerably the 
speed of greatest efficiency.” The italics 
|are my own. 
| Taking Professor Trowbridge, there- 
fore, on his own ground, it is seen that 
his objections against Rankine’s general 
formula for included friction for outward 
flow turbines do not exist. 
| Omitting friction, Rankine’s general 
ivalue of best efficiency takes either one 
| of the following forms:— 
2 

é= 





2 


. (1) 





2+n* tan’ 


24 tan*a 


nr? 

a is the angle at which the guides cut 
the wheel circumference at the point of 
entrance into it, and f is the angle at 
which the buckets cut the wheel circum- 
ference at the point of exit from it. If # 
is zero, the efficiency is unity; as with 
| the formula of Prof. Trowbridge. Eq.(1) 
| will be used hereafter. 

| There are two methods of showing in 
detail that the formule of Weisbach and 
Bresse do not depend upon the angle at 
which the bucket cuts the wheel circum- 
ference at the point of entrance. 





2 


~ 
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Proceeding with Rankine, all of the) 
bucket except that part which gives| 
direction to the effluent water may be 
ignored, or omitted entirely from con- 
sideration. Or the angle at which the 
bucket cuts the wheel circumference at 
the point of entrance may be given a 
different value from any that can possi- 
bly enter the desired formule. 

The first method will be used with the 
equations of Bresse and the second with 
those of Weisbach. 

Before proceeding with Bresse’s for- 
mulz there is one point to be noticed. 

In his May article, page 373, Professor 
Trowbridge states that his Fig. 1 (given 
in that page) is copied from Mahan’s 
translation of Bresse; but it differs from | 
that figure in one particular very import- 
ant to this discussion. In his Fig. 1, 
which he states he copied, the angle 
between w and wis 90°, while in Mahan’s 
Bresse (edition of 1869) that angle is 
about 101°, as nearly as can be meas- 
ured. The importance of this point will 
be at once perceived, if it be remembered 
that Professor Trowbridge is endeavcr- 
ing to show that the rectangular com- 
ponent of the entering velocity of the 
water is equal to the tangential velocity 
of the wheel, although Bresse lays down 
no such condition. Consequently the 
changed figure would apparently make 
Bresse indicate, through it, that which 
Professor Trowbridge, only, holds. 

The true figure is the Fig. 1 of this 
article, with this exception: the end only 
of the bucket which directs the effluent 
water is retained; the rest of it is omit- 
ted. 


Fig. I. 





The notation of Bresse will be used as 
seen in the figure. It is unnecessary to 
explain it here. As distinctly stated by 


Bresse, ail losses of head are neglected 
except that due to the final absolute ve- 
locity v’. 

The two following equations may then 
be written : 





vi=dy (H+h +s?) 


/ 
p= 


w"—w'* = 2g (w aa (3) 

The velocity w is simply the velocity 
relative to the wheel at point of entrance 
into it. Its magnitude and directions 
depend entirely upon the relative propor- 
tions and directions of uw and v, or, in 
other words, upon u, v and f, and noth- 
ing else. In the figure 6 is simply the 
angle which w makes with a tangent at 
B. Having thus determined w, w’ is at 
once known in magnitude from (3). As 
is well known, the “fictitious” head 
wu? — eu" 

2y 
path described and dependent only upon 
the angular velocity and distances from 
the center. It is to be noticed that, 
thus far, wv’ is only given in maynitude : 
its direction is known as soon as y 
given; its magnitude does not in any 
way depend upon that angle. 

A simple law of hydrostatics gives— 





is entirely independent of the 


iS 


Po shew. (4) 
1 4 
The law of continuity gives— 
brv sin B=0’r’w’ sin y . (5) 
The triangle in the figure gives— 
w’=u'+v'*—2uv cos f (6) 
vw? =u" + w"—2u’w’ cos y (7) 
Also evidently— 
“r=ur .. 
Eq. (6) might have been written im- 


mediately after eq. (2) but they are taken 

in the same order with Bresse. By sup- 

posing the angle y small Bresse writes : 
uw’ =w" (9) 

It is now important to notice that the 
equations (2) to (9), inclusive, have been 
determined without any regard to the 
bucket at B in Fig. 1; after having 
omitted the consideration of all resist- 
ances, they are in no sense dependent 
upon it. They hold whether that part of 
the bucket exists or not. 

Now, the equations (2) to (9) are the 
only ones which Bresse uses in deter- 
mining v”. ‘ 

There is no necessity of here following 
through the operations by which he ob- 
tains that quantity; he simply combines 























eqs. (2) to (9) and no other. 
can verify this: statement by turning to 
pages 85 and 86 of Mahon’s Bresse. By 
the mentioned combination Bresse ob- 
tains— 
4 tan f 
bY’ sin y 

He then goes on to treat of some other 
matters, after which, page 89, he says: 

“Again it might be proposed, for a 
turbine known to be working with a 
maximum effective delivery, to seek this 
delivery as well as the dynamic effect. 
As we are supposing that all losses of 
head, other than that due to the velocity 
of exit v’, may be disregarded, the head 
that is turned to account will be 

vy” 
29 

and consequently the productive force 
will be expressed by 
- 
2yH 

It is seen therefore that y, or the effi- 
ciency, in eq. (11) is written by Bresse 
at once; without any regard to any pre- 
ceding equation whatever. Hence it 
does not depend upon the angle at which 
the bucket cuts the circumference at the 
point of entrance into it, directly or in- 
directly, implicitly or explicitly, or in any 
other manner known to the human under- 
standing. Whenever, therefore, Prof. 
Trowbridge states that it is so dependent, 
he is simply in error. He is also in error 
when he states in his last article, page 
374, that « depends on the bucket angle 
at B, Fig. 1. For eq. (6) shows that w 
depends only on uw, v and f, and that 
bucket angle may have any value what- 
ever (or that part of the bucket may not 
exist at all, so far as the equations are 
concerned) while those quantities remain 
the same. w is, therefore, entirely inde- 
pendent of the angle in question. 


y” = 


(1—cos y) (10) 


’ 


a=1— (11) 


Now it has been assumed that there is | 
no loss of energy by “shock,” but such | 
aloss would exist if the buckets, at the | 


point of entrance, made an angle different 
from that of the relative component w, 
hence, in an actual case, in order to get 
the best results, that angle should be the 
same with that of #, for then the water 
will glide along the bucket without dis- 
turbance. Let 6 be this angle, then from 
Fig. 1 there is easily deduced: 
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u 


sin (9 +f) 
_=— : 


2 
. sin 0 = 

Bresse writes this equation between 
\those two which I have numbered (8) 
land (9), but I have omitted it until the 
present in order to make prominent the 
| fact that it has absolutely no connection 
whatever with any of the equations from 
which v” is deduced; and it evidently 
‘has no connectjon with equation (11). 
| There is no need of bidding its influence 
“ out,” for it is never “in.” Bresse writes 
it, it is true, and states in connection 
| with it that the water must enter tangen- 
tially for the best results (just what I ex- 
plicitly stated in my previous paper), but 
‘he does not combine it with any equa- 
tion which precedes or follows it for the 
|determination of vw” or the efficiency. 
‘This statement may also be verified by 
consulting Bresse. 

The statement of Prof. Trowbridge, 
| therefore, to the effect that Bresse com- 
| bines eq. (12) with others to obtain v” and 
‘the efficiency is, to put it very mildly, 
somewhat extraordinary. 

He simply falls into the error of sup- 
posing that the supplement of the angle 
which w makes with « is necessarily the 
angle which the bucket makes with the 
tangent at the same point, whereas so 
far as the equations are concerned, there 
is no connection between them; the for- 
‘mer is fixed when u, v and f# are known, 
but the latter may have any value what- 
ever. Again it is important to observe 
that the equations are based on no par- 
ticular relation between the rectangular 
tangential component of v, and «; much 
less is equality any where assumed. So far 
as the equations are concerned, that com- 
|ponent of v may be greater or less than, 
or equal to, «. The formulae are then 
perfectly general in this respect. 

Introducing v” from eq. (10), in eq. 
(11), there results :— 

5 tan 
Fay (1—cos Y) ° (13) 
Eq. (13) will be used again. 

The preceding results might also have 
been shown by taking any bucket angle 
different from 6, and then by establish- 
ing the equations without any regard to 
it; this method will now be applied to 
| Weisbach’s equations. 
| Fig. 2 is the figure to be used; it is 
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| also, evidently, 


Assuming that 6 is small Weisbach takes 
v=¢, 

Making the substitutions in eq. (16) ; 
[= 4/2% Teona +¢(E)' +e, °° OP 
| / - cosa+y F + >; 


|This is Weisbach’s expression for best 
| velocity and is found jn Art. 251 of 
Du Bois’ translation. It will be observed 
that v=c, is the same condition that 
Bresse uses. 

From Fig. 2 there are easily deduce] 
the following relations: 














F, rsind_ vr, sin f 
very similar to the one found in Art. 250 F r,sina ~~ rsin(f—a) 

* of DuBois’ Weisbach. The notation is! Introducing these conditions successively 
the same as that of Weisbach (and does | in (17) there result the two values of v;: 
not need to be explained here) with this | : 

exception: #’ will represent the angle|y = Jom 

made by the bucket with the circumfer- | 


ence of the wheel at the point of entrance | ae — 


into it, while fs represents the angle | “ir "sind —/r\'/sind\’.. (Fr 
which the relative component c, makes 2 =) —— cosa+2(— Ac 
the circumference at the same point. | 7,7 Gime 





2 


*/ \sina r, 


This distinction is important. se oe 
From the triangle c A v, Weisbach r, 
(Art. 250) writes, os jana ates 
e,{=c' +v,’—2cv, cosa... . (14) | l ae Qgh 
By the aid of this equation, the fictitious y/ g8in cosa ee j_sinp_ \' ~ y 
2 2 —— Soabnaeenreies ¢ = 
sin(/—a) (aaa) (5 


v’—v : 
head -—.-—- (see remarks following eq.(3 
icone g eq.(3) 19) 


I tual heads h, and h., he tl 
oe Se ae sahil eatiniien aia It is seen, now, that these two values of 





writes, : . : : 

“ i 2 9% v, are identical and entirely independent 
S ahh ~(1+¢) nik aioe _ “00, CO84| of 6, in fact would hold if that end of 
os 2g 2g 2g 29 the bucket did not exist. The only 





15) | condition involved is simply v=c,. In 
wand theref. (19) ¢ actual 
=r i oa ' |applying therefore eq. ) to an actua 
Writing h for h,—h, and adding a term |case, § should not be taken. as the angle 
3 , to represent the loss of head by | which the grag — “ge the cireum- 

ee | ference of the wheel at the point of 
friction in the wheel, there results from(15), | entrance into it, but should be calculated 


(1+ £,)e,°=2gh + v*—2cv, cosa—fc’* . (16) | by the simple formula for a triangle, 


: a . | knowing ¢, v, and a; or it may be de- 
With Weisbach let Q be the discharge| termined from the equation which im- 


from the wheel; F the sum of all exit! endian upienien on th 
orifices from the guide curves, and F, the) Hoye i will state ue by an oversight, 

sum of the exit orifices from the wheel. | 7 omitted to state in my April article. 
Then by the law of continuity, | In that article the values for v, were 
Q=Fce=F ¢, .: ox te : | calculated from eq. (19) taking f directly 
ae from the wheel. This I did to save the 
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labor of estimating them as directed rectangular component of ¢, Fig. 2, is 
above, knowing, since they are excellent equal to »,. The figure was purposely 
examples, that the values would differ |so drawn as to represent that component 
little from estimated ones. In the Boott|as greater than v,, as does Weisbach, in 
Center-Vent and Westerly Swain wheels | which case the water would have an im- 
— | . » r . 
(my 3d example) the differences were a|pulsive effect on the w heel depending 
little greater than I expected, but not| upon the excess v, T. 
enough to make any essential difference| Weisbach’s formule for best velocity 


in the results. 
In the Center-Vent Boott wheel, for in- 
stance, v, by eq. (18) becomes 


0.758+/2gh=22.2 feet. 


‘and efficiency, therefore, are not based 
either upon the “axiom” that the water 
should enter tangentially to the bucket, 
(or upon the axiom that the water shall 
not act by impulse. 


But experiment 27 of the same series, | They are based upon the condition 
from which I took my example, gives a|¢,=v, but that is all. They do not in- 
little higher efficiency than experiment | volve any term which represents the loss 
30, which I took, and v, in that experi-|by shock any more than they involve 
ment was found to be 20.8 feet. The} terms which represent loss arising from 
agreement is therefore as close as before. | appreciable thickness of buckets and 
In the Westerly Swain wheel (my third | guide curves, or fluid friction in the 
example) eq. (18) gives v,=20.78 feet,|flume or penstock, and any objection 
while experiment gave v,=21.48 feet; | which is brought against the formulae 
an agreement considerably closer than |on the basis of any one of these omis- 
before. ‘sions holds equally on the basis of the 
I explicitly stated the value of the | omission of all the others. 
empirical co-efficient I used as 0.075. In| The pseudo-reasoning of Professor 
art. 260 of DuBois’ translation Weisbach | Trowbridge, in his last article in the vi- 
states where Professor Trowbridge may | cinity of his Fig. 2, is too deeply involved 
find an account of the experiments by in hopeless absurdity to be worthy of 





which the yalues “7=*,=0.05 to 0.10” 
were fixed. 

In art. 260 of DuBois’ translation is 
found Weisbach’s expression for effi- 
ciency. Putting L, for the work per- 
formed and, as before, A for the total 
fall, there may at once be written; 


coh +00," + “’) 
%”  )® 
Using the relations between ¢, ¢, and », 


already given, there results for the effi- 
ciency, after taking v from eq. (18) ; 


f1+(C — =) i +4(sin 5) 
: r, sina 2 

c] 1+(~") t +2cotasin 6 

Eq. (21) will be recognized at once as 
the one used in my previous communi- 
cation. 

It will now be at once perceived that 
eqs. (18) or (19) and (21) are entirely 
independent of the angle f’; it is not 
possible for it to affect them. If possi- 
ble, it is still more absurd to suppose 
that either (18) or (19), or (21) is based 
on the assumption that the tangential 





L,= (a— (20) 


- 
> 








n=1 (21 


— 





‘serious attention. 

In his last article, page 375, Professor 
|Trowbridge states essentially that the 
formule of Weisbach and Bresse do not 
|indicate that a small value of a (Weis- 
| bach’s notation) or # (Bresse’s notation) 
should be taken. In my last article I 
| showed that Weisbach’s formula for effi- 
iciency calls for a small value of a, and 
took occasion to criticise his advice in 
regard to making it unnecessarily large. 
Bresse’s eq. (13) shows that the smaller 
is the angle # the greater is the effi- 
ciency ; and Rankine’s eq. (1) shows the 
same thing (his a is the same as Bresse’s 
|f). The small guide curve angles of 
| the Lowell wheels are, therefore, noth- 
‘ing more than those which the formulae 
of Weisbach, Bresse and Rankine indi- 
cate ought to exist. It is nothing to the 
point to quote the opinions of those 
‘authors, for in his first article (see its 
heading) Professor Trowbridge set out 
to show “the inapplicability of the the- 
oretical investigations of the turbine 
| wheel as given by Rankine, Weisbach, 
Bresse and others.” It is a matter of 
little consequence what their opinions 
were. 
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In Art. 262, however, Wiesbach advises 
that a be made from 20° to 30°. In the 
same article he advises that the exit 
angle of the wheel be less than 20°. 

In his last article Professor Trow- 
bridge states that the “best modern 
wheels, introduced by Boyden and Fran- 
cis are impuilse-and-reaction 
wheels,” and, in the paragraph following 
my quotation, he speaks in particular of 
the inward flow turbines. He thus states 
that the water acts in those wheels partly 
by impulse. The experiments of Francis 
and Mills, however, show the contrary. 
Figs. 3, 4,5 and 6 are the velocity dia- 
grams belonging to the four examples 
given in my April article; in fact, Figs. 3 
and 4 are reproduced from that article. 

The notation is that of Weisbach, ¢ 
being the exit velocity from the guides 
and v, the tangential wheel velocity at the 
same point. 
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The velocities c and v, are both ex- 
perimental in the four cases, and may be 
easily verified by any one taking the 
trouble to look up the data given in my 
previous article. Figs. 3, 5 and 6 be- 
long to inward flow turbines, and in each 
of those cases, since the component of 
c in the direction of v, is less than v,, tt 
is impossible for the water to do any 
work by impulse; that is, they are sim- 
ply reaction wheels. 

Fig. 4 belongs to the Tremont wheel. 
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In that case, since the angle between ¢, 
and v, is only 87°, there is a very little 
work done byimpulse; but since that little 
is due to 3° only, it is essentially none. 

If Prof. Trowbridge will read my pre- 
vious article with a little more care, he will 
see that what I called an “admirable ar- 
rangement” was simply the means adopt- 
ed to prevent leakage in the Lowell 
wheels, which I took for examples. Also 
that I did not speak favorably of the 
idea of Bresse and Weisbach of so pro 
portioning a and f, as to prevent unbal- 
anced pressure outward between wheel 
and guides. 

Perhaps the most remarkable charac- 
teristic of Prof. Trowbridge’s last article 
is his claim to originality in the investi 
gation of his first paper. He has given, 
he says, the theory of impulse-and-reac- 
tion wheels “for the first time”!!! 

Let any one turn to Fig. 1 of his March 
article and the page following of his text. 
The general expression for work which 
he deduces is : 

W=M(axu+v, cos y.u) . (22) 

From his figure v,=*/v,’ + w2uv,—cosa 
and =v, cos a—u; these values in eq. 
(22) give: 

W=M 
(v,cosa+ /v,* +u*—2v,uc0s acos y—u)u 
(23) 

Now let any one turn to Art. 231 of 
Du Bois’ translation, where Wiesbach 
gives the theory of the turbines of Borda 
and Bondin. About the middle of page 
345, Weisbach has the formula. 


t=?” 
g 
(c cosa + */c* + v*—2ev cos a.cosd-v)v . (24) 


I . i ta 
n eq. (24) L, —, c, v and 6 are ex- 


actly the same quantities as W, M, »v,, « 
and y, respectively, in eq. (23). Conse- 
quently, the equation of Professor Trow- 
bridge is identical with that of Weisbach. 
Weisbach then makes cos 6=1; Prof. 
Trowbridge does the same with cos y. 
Weisbach next seeks by the method of 
the calculus what value of v will make L 
e 
2cosa 
Trowbridge does the same with W in re- 
spect to u and finds 


; Professor 





a maximum and finds v= 
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-_— ' c 
“= 0, (W eisbach’s es -). 





Finally, Weisbach puts =t—, . 


L and finds an efficiency of unity; with 


u=v, in his W and also finds an effi- 
ciency of unity. The identity of the 
formula and operations of Weisbach and 


© in his| Professor Trowbridge and the great de- 


gree of similarity in the figures they use 
are quite remarkable, and render any 


great fidelity Professor Trowbridge puts | comment superfluous. 





A NEW CENTER OF GRAVITY FORMULA OF GENERAL 
APPLICABILITY. 
By J. WOODBRIDGE DAVIS, C.E. 


Written for Van NosTRAND’s MaGaZINE. 


The formula : 
4 D+ ttn (1) 


wherein A is the area of the generatrix 
of a space, in its initial position, B, its 
area in its final position, D is the distance 
between these positions, and V is the 
amount of space between, is an expres- 
sion representing a distance, or linear 
measurement, like in kind to D, because 
the second term is a product of four 
dimensions divided by a product of three 
dimensions of like kind. If the space be 
a plane, the second term is still, as well 
as the first, an expression of a single 
dimension. This expression has been 
found to represent the distance of the 
center of magnitude from the initial end, 
of each of a number of shapes, or the 
center of gravity of a mass of uniform 
density, which fills the space.* 

To determine the extent of its applica- 
bility, let us first consider two spaces, 


D D 

y=S, (z),, Y=S,(2).- (2) 

Let A,, B,, be the end areas of first, V,, 

its volume, D, the distance between these 

limits, and D,, the distance, from first end, 

of the center of its magnitude. Let A,, 

B,, V,, D, D,, be the similar values of the 

second space, both lying between same 
limiting planes, as indicated in (2). 

If formula (1) apply to each of these 


spaces, then 
B,—A,)D* 
=iD ( 1 ee 
ae a 


B, _, A,)D* 
‘RV, 





D,=4D+ ‘ 





* Formule for R. R. Earthwork, Second Edition, p. 105 
Vor. XX.—No. 6—32 








The distance, D,, of the center of gravity 
of the two spaces from the initial plane, 
is 
p.— D.V+D.V, _ 
V,+V, 


$DV, + 49(B,-A,)D* + DV, + y(B, -A,)D" 
, ee 

= 3 = a 
+@4B,-A,-A)D"_jp , (B,-A,)D 


=4$D a 
3 12(V, + V,) 


oV 
12V, 
wherein A,, B,, V,, are the areas of ends, 
and volume of combined space. There- 
fore, formula (1) applies to the space 


D D 
Y=LA@ th@)]L=A@Oe- 


In the same manner it may be shown 
that the formula applies to the space 


_ »D 
Y=(A,@) +h,.@].» 
D 


if it apply to space, y= f,(x),, and so on. 
Consequently, if formula (1) apply to 
each of any number of spaces between 
same limits, it applies to their sum. 

From a similar course of reasoning it 
follows that Jf formula (1) apply to all 
but one of any number of spaces be- 
tween same limits, it does not apply to 
their sum. Also, if the formula apply 
to certain spaces between same limits and 
do not apply to certain other spaces, more 
than one, between the same limits as 
before, the formula does not apply to the 
sum of all the spaces, except in special 
cases, when its error for some of the 
spaces is balanced by its error, with 
opposite sign, for the rest. 

Now let us consider the expression for 
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all spaces, y=F(x).* Each term of this 
is of the form Kz"; and the distance of 
the center of gravity, from the first end, 
of the space represented by y=Kz2", is 


D - 1 
J Ka"dzx 
0 aes 2 
oe ~~ m+2 
JS Ka" dz + 
0 


Formula (1) applies to this space when 








(KD" —K(0)")D*_n+1,__ 
; “ed 2 ~KD*™+1 n+2 _ ©) 
n+1 


This is true when x=0. For all other 
values of 7, (3) becomes 


n+1 pt! D=—0. 


D 4 
+ 12 n+2 (4) 
From this 7»’?’—3n+2=0; 

whence n=$2+4=2 or 1. 


It follows from this and the rules 
written in italics, that the center of 
gravity formula applies, between any 
limits, to those spaces only which are 
represented by the equation 


y=atbe+ce2’; (5) 


and it applies to special cases only, | 


[i. e., between special limits,] of all other 
spaces. 


By comparison of (5) with similar 


equation, [eq. (11), p. 412, May No. of 
this Magazine, ] representing the limit of 
the prismoidal formula’s applicability, 
which equation is 

y=atbe+cx’+ de’, (6) 
it is seen that the center of gravity 
formula is, practically, co-extensive with 
the prismoidal formula; because the 
generatrices of very few, if any, practical 
shapes vary as cubic functions of the 
path. This formula will, therefore, 


serve in the same way as the prismoidal, | 
as a widely ‘general rule, which renders | 


unnecessary the demonstration, recollec- 
tion and use of a large number of special 
rules. 

Thus, the chapter on center of gravity 
in a treatise on mechanics can be much | 
abbreviated by use of this formula. The 
fact that the generatrix of a space, ex-| 
pressed in terms of its distance from | 
initial end of that space, or from any 


* See introduction to article entitled Prismoidal For- 
mula in May number of this Magazine. 





| function exactly similar. 


position whatever, since to shift the axis 
of Y does not change the degree of eq. (5), 
is all that requires demonstration. The 


position of the center of magnitude in 
‘that space is, then, immediately indi- 
‘eated by formula .(1), which may be 
| reduced for particular cases. 


For instances: Because the areas of 
generatrices of triangle, pyramid, cone, 
and paraboloid, in terms of distance 
from their vertices, are, respectively, ax, 
d(ca)*’, m(ex)* and zx, formula (1) 
applies to all of these and to all of their 
frusta. Therefore, for triangle, the dis- 
tance of center of gravity from vertex is 


B—Oy* _ 
sD + ToqDB) = 
For trapezoid; 


dist. c. of g. =4D+ 


2D. 


{S—A)D" _@B-A)D 
12(B+A)4D~ 3(B+4A)’ 
For pyramid or cone when B is area of 
base, 

; BD’ 

' - . 
dist. c. of 8-=2D + oaRD) =D. 
For frustum of this: 

(B—A)D* = 
12(A++/AB+B)4D © 
(B—A)D 
D+ = . 

3 4(A+4/AB+B) 


The last result, which is formula (1) 
only changed by cancelation of the com- 
mon factor D, is at once in the simplest 
form. Dr. Weisbach requires a page 
and a quarter of laborious demonstration 
to reach this result. See pp. 233-4, Eck- 
ley Coxe’s edition of Theoretical Me- 
chanies. 

For paraboloid, the radius of whose 
base is 7, 


dist. c. of g.=4D+ 


dist. ce. of g. =4D+ 





ar*D* , 
12zr°4D “— 
For frustum of this we obtain an ex- 
pression similar to that for trapezoid, 
since its generatrix varies according to a 
It is 
. _ arZ—r’)D* _ 
dist. ec. of g. =4D+ i2a(r* +r) 

(2r,’—r,*)D 
Ger) 
Formula (1) applies to the sphere, 


| because, with center as origin, the mag- 
| nitude of generating circle varies as 
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m(r? —2x’). 
Hence, for hemisphere, measured from 
center, 
ar* , 
12(g77°) = 
Because the generatrix of the complete 
rectangular prismoid [Fig. 2, p. 414, May 
No. of this Magazine] varies as 
at bet cz’, 
formula (1) applies to all rectangular 
prismoids and wedges, in direction per- 
pendicular to bases. 


dist. c. of g.=4r— 





oe hi (B-A)D' | 
B—A_ |_(B+2M)D 


343-4 tL 
2D) 14X37 D1+B{ =A+iM+B 
For wedge, measured from edge; 
: a B 
—(B+2M)D 
B+4M — 


To reach results similar to these for | 


wedge and prismoid requires more than 
a page of Weisbach’s Mechanics. By 
calculus, the demonstration is nearly as 
long. fh 

In a manner similar and quite as easy 
it may be shown that formula (1) applies 
to any segment of common parabola, in 
direction perpendicular to axis, to all 
parallelograms, prisms, cylinders, pris- 
moids, cylindroids, spheroids, hyperbo- 
loids, all segments of these bétween 
parallel planes, and to the class of shapes 
whose lateral boundaries are right line 
surfaces the type of which is illustrated 
in Fig. 6, p. 418, of May No. of this 
Magazine. The last class includes alone, 
columns, chimneys, piers, abutments, 
warped-faced wing-walls, banks, retain- 
ing walls, dams, earthwork solids, and 
numerous other practical shapes. 

If the extremity, S, of the generatrix 
of a circle, Fig. 1, generate a length, dz, 
of the circumference in an infinitesimal 
time, dt, while it passes through center, 
then, at any distance, 2, it will in same 
time generate a length equal to 

ST 


dee. —— =z. 3 =dzr.— 


SU 


7 





V/ ra 


Hence formula (1) does not apply to 
ares of circles. 
But, if the circumference be revolved | 





Fig. I. 











7 
Ss 


about CX, then the circumference of the 
generating circle whose radius is y, gen- 
erates in the time, d, 


dir 2ry=2rrdz, 


which is the form of eq. (5), when b=0, 
e=o. Hence formula (1) applies to any 
zone of sphere, and the position of cen- 
ter of magnitude is, when / is altitude of 
zone, 


Qrrdx-2rr dx)\h* 
( ard. nn a YY 


th+ 12V 

Because formula (1) applies to the 
cone CSS’, and to the segment SXS’, as 
has already been shown, it may be used 
to determine the positions of the centers 
of gravity of these; and the c. of g. of 
sector may then be found by composi- 
tion of moments. 

Formula (1) applies directly to the 
spherical sector when D is understood 
to be the distance passed over by the 
center of magnitude of generatrix, a 
varying, concentric zone, and V to be the 
amount of space described by a plane 
generatrix, varying as the same function 
of, and passing over, the same path. 

This is true, because the distribution 
of magnitude along the path D is identi- 
cal for both modes of generation, and 
because, since formula (1) applies to one 
of these shapes, the variation of genera- 
trix being as cx’, it also applies to the 
other. 

Thus is obtained for sector of sphere, 
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. Bd’ 
dist. c. of g.=4d+ i2(gBd) =3d 
=H(r-44) (1) 


where B is area of spherical circle, d is 
distance of its c. of g. from center of 
sphere, / is its altitude, andr is radius 
of sphere. 

In this sense formula (1) applies to 
frusta of spherical sectors, [7 ¢., be- 
tween concentric zones], whether the 
zones be terminal or annular; also, in di- 
rection of sector’s axis, to all divisions of 
these included each by two planes passed 
through axis; to circular sectors between 
any limits, to all portions of regular 
polygons and polyhedrons, which can be 
inscribed in circular and spherical sec- 
tors, respectively, between any limits, 
and to every shape, each part of whose 
generatrix varies as the same function of 
its distance from initial end. 

Thus, it applies to the square diago- 
nally, when the initial end is one vertex, 
and the generatrix is the broken line 
composed of the opposite two sides. 

Applied in this way, formula (1) gene- 
rally: requires, preliminarily, the aid of 
some other method to determine the c. 
of g. of generatrix itself. In case of 
spherical sector, it applies both to the 
generatrix and to the space described 
thereby. 

It will be observed from the foregoing 
that the only familiar simple shapes, 
such as are made examples in works on 
mechanics and engineering, to which 
formula (1) does not apply directly, are 
the circular arc, sector, segment and 
spandrel ; and to latter three of these it 
applies either indirectly or with aid of 
composition of moments. 

Formula (1) applies to all lines for 
which 

or . «.. — 
fsa at be+c2"*, (8) 
where a, b,c, are arbitrary. If c=o, dy 
is always in integrable shape; but the in- 
tegration is tedious. Eq. (8), however, 
shows at once that the only familiar line 


to which formula (1) applies is the! 


straight line. To obtain another ex- 
ample, without much labor in the inte- 
gration, make a and ec zero and square, 
subtract unity, extract square root, and 
multiply by dz, each member of eq. (8). 
By integration the equation of a line, 
subject to formula (1) is found to be 


= ap pa. 

—_ 2 —_— . . 
y=tbe /« — AB nap. log 
j e+ 
{ 

Formula (1) applies in direction of 
axis to all surfaces formed by revolution 
of the lines for which 


y/ - +1=a+be+cx*, (9) 


where a, 0}, c, are arbitrary. The only 
familiar surfaces of revolution for which 
eq. (9) is true are the surfaces of cylin- 
der, cone and sphere. 

Formula (1) applies, as a center of 
pressure formula, to the common cases of 
hydrostatic pressure. The equation of any 
immersed plane figure, referred to inter- 
section of its plane with surface of fluid, 
as the axis of Y, and to any line in its 
plane, perpendicular to this intersection, 
as the axis of X, is 

If @ be the angle of deviation of its 
plane from plane of fluid surface, and y 
be the specific gravity of the fluid, sup- 
posed to be uniform in density, the press- 
ure on the figure at a distance « is 

y'=F(x)y sin 0 x=F'(2). 
In order that formula (1) shall apply, 
F' (x)=a+ba+c2"’. 
a+ ba+ ca* - 


y sin O02 ~ & 


g— 1 | + const. 


 F(a)= ~ 4.8’ +e'2. (10) 
Fortunately, the last member of eq. 
(10), when we make a’=o0, represents 
nearly all the usual submerged plane 
shapes, since these are seldom other 
than the rectangle, triangle and trape- 
zoid, with bases parallel to fluid surface. 
Because the pressure at every point of 
submerged surface is normal thereto, 
and equal in intensity to y sin 6 2, it 
may be represented by a line perpendic- 
ular to surface and varying in length as 
the same constant multiple of x. There- 
fore, the equation of entire pressure, 
y=(b'+e'x)y sin 6. 2=be + cx’, 
is also the equation of a space, whose 
generatrix is a rectangle varying as y in 
last equation, its sides remaining con- 
stant in direction. This shape can, con- 
sequently, be only a frustum of the rec- 
tangular pyramid, prism or prismoid. 
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We may, therefore, confine our attention and formula (13a) becomes 

wholly to these shapes, because the re-| (w,d,—w,d,)D 

sultant of pressure passes through the | d,+$}D+ STE 

center of magnitude of each. | 2[w,d, +(w, +w,)(4, +d,) +0,d, ] 
Of course, as shown by expression (6), | . (15) 

the prismoidal formula also applies to | #8 simple as before. 

these shapes, and, in consequence, to the|_ To find distance of center of pressure 

pressure. Indeed, it would seem that | below fluid surface, multiply (15) by sin 6, 

this is the simplest method of determin-|0r use in (15), instead of d,, d,, D, their 

ing the total pressure. The following | vertical projections, if these be known 


is the EXAMPLES. 


RULE. 





; The submerged figure is a triangle 
To find the total pressure on a sub- | hose base is at fluid surface. set d 
merged rectangle, triangle or trapezoid, | a4 w are zero; consequently, the dis- 
whose bases are parallel to fluid surface, | ;, 100 of center of enemas ts iD The 
Multiply top-width of shape by its dis-|  ocsure is I ‘ 
tance beneath surface; call this A. Mul- | , 
tiply bottom width by its distance beneath | $ Dy sin 6 wd, or {Dy wh,. 
surface; call this B. Multiply mid-\ This corresponds to the case of the 
width by its distance beneath surface ;|\ entire middle branch of the complete 
call this M. Then total pressure is + of| prismoid, Fig. 2, p. 414, May No. of this 
distance between end-widths, multiplied | Magazine. 
by the specific gravity of fluid, and | The vertex of the triangle is at sur- 
again by | face, and the base is parallel thereto. 
A+4M+B. 'Here w, and d, are zero; and, in conse- 
When top-width is w,, and its dis- | quence, formula (15) reduces to # D. 
tance beneath surface is A, ; and w,,/,, cor- | Then, 
respond to lower width, while D is dis-| P=}Dy sin 6. w,d,, or {Dy w,h,. 
tance between, the formula is bee oo 
P=4Dy[w,h, + (w,+,) (h, +h,) +e, 
ert ( A+ )+ thy | and the formula (15) becomes 


The figure isa rectangle. Here w,=w,, 


If it be desired to determine the com- | 1+1D (d,—d,)D 
ponent of pressure in any direction, use, | a +9P+ 6(d,+d,) 
instead of D, the projection of D normal | nity ca © : ] r H 
to that direction. | P=gDy sin O. w,(4,+4,). 


The formula determining the distance} The distribution of pressure on sub- 
of center of pressure, measured from fluid| merged trapezoids corresponds to the 


surface along submerged plane, is | distribution of magnitude in the various 
(B-A)D*y ___ |segments of the complete rectangular 
d,+3D+ 12P°” (12) | prismoid, as wedges, etc. 


— : | Jf the plane of submerged figure be 
where d, is distance from fluid surface to parallel A fluid surface, y samaetber - (132) 
top base, measured on plane of figure, | shows that the center of pressure is co- 
= the other symbols are as before. | incident with the center of magnitude of 
(12) may be written ‘the plane shape itself. When, now, 





(B—A)D w,=W,, we have the case corresponding 

“* tD+ oR +4M+A) 7 & to that of the rectangular prism. . 

or | While defining the rectangular pris- 
wA,—wh.)D 'moid on p. 414, May number of this 
d,+4D+ (vo,h, wh) |magazine, as a shape generated by a 


aw A, +e, +8) wise > moving rectangle, the product and quo- 
‘ , aoe “) ‘tient of whose two dimensions vary, we 

_When, instead of 4,, h,, we know the) yoticed two other shapes, in one of 
distances d,, d,, along submerged plane, | .),:.) the pyramid—the product is va- 
formula (11) becomes 'riable and the quotient constant, and in 
P=1DysinO[w,d, +(w,+w,)(d,+d,) | the other of which—the prism—both are 
+wd,) . . . (14)|constant; also, a fourth shape was de- 
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scribed for which the product is constant | To find the moment of the horizontal 


and the quotient variable. 
cases occur in hydrostatics. The only 
one not mentioned is that of the figure 
whose generatrix varies in magnitude as 


a the first term of last member of eq. 


(10), while the pressure varies as a’x. 

Formula (13), or its equivalent, formu- 
la (15), in same manner as formula (1), 
saves the calculator the inconvenience of 
remembering numerous rules, because 
the reduction for special cases, a few of | 
which have been illustrated, can be in- 
stantly effected before he proceeds to 
the numerical part of the work. The) 
same may be said of the prismoidal for- 
mula, as applied to the summation of 
these pressures. 

The only other submerged figure men- | 
tioned in treatises on hydrostatics is the | 
circle, which is usually the surface of a 
valve. Formula (15) does not apply to 
this. If r be its radius, and A the depth 
of centre below surface, then 

Ls =hzr’y; 
r 
4h 

The statical moment of a material 
shape, represented by eq. (5), referred to 
an axis parallel to plane of generatrix, 
and at a distance d, beyond its initial 
position, is the product of V by the sum 
of d, and expression (1). 

.. Statical moment=(d,+4D)V + ,D’ 
(B—A). (16) 
This has exactly same advantages as (1). 

Formula (16) is very convenient when 
we would determine the center of gravity, 
or the statical moment of a compound 
figure, every part of which is a shape 
represented by eq. (5). The first term of | 
second member shows that the c. of g. of 
each part may be assumed to be half way 
between its ends; whereafter, by compo- 
sition, very easily a false statical moment 
of the whole figure can be obtained. 
This should be corrected by the second 
term of second member applied to each | 
part. 

The statical moment of the pressure, | 
whose resultant occupies the position 
indicated by (15), is, referred to intersec- | 
tion of submerged plane and fluid sur- | 
sg the product of P and expression | 
(15). | 


and dist. cen. of press. =A + 





All these | 


' practical 


|his consideration. 
be especially simple, for the reason that 


component of P, referred to fluid sur- 
face, which is the moment usually re- 
quired, multiply the former moment by 
(sin 0)’. 

This is useful when we would find the 
position of center of pressure of a com- 
pound figure. Such a figure may be divi- 
ded into triangles, trapezoids and rect- 
angles, whose bases are parallel to fluid 
surface; and the moment of each may be 
found as above. 

The moment which is most often re- 
quired is that of the horizontal compon- 


‘ent of P, referred to the lower base. 
| This is the product of sin @. P and sin 6. 
| (d,—(15)], which is 


$Dsin’*6.P—,D’ ysin’6.(w,d,—w,d,), 
pzD*sin’ 6. y[2w,d, + (w,+,) (d,+4,)]. 
(17) 


is the moment which tends to 


or 


This 


| overturn the solid whose surface receives 


the pressure. 

Formula (1) will prove useful to the 
engineer, since few shapes 
to which it is inapplicable come under 
In his service it will 


he will be very likely to have already 
calculated, for other purposes, the con- 
tents of the shapes he deals with, and 
will, consequently, know at the outset the 
value of the denominator of second 
term. For instance, as often occurs, if 


|it be required to find the position of the 
ce. of g. of a piece of iron or timber of 


known volume or weight and of pris- 
moidal shape, for the purpose of hoisting 
it, loading it upon a vehicle, or because 
it is a member of a structure or machine, 
the formula 


indicating its distance from mid-section 


| toward larger end, is exceedingly simple. 


If y be the specific gravity of the mate- 
rial and W the weight of piece, the ex- 
pression becomes 
(B—A)D'y. 
12W 

Even when neither the weight nor 
volume are known, the practical calcu- 
lator will find formula (1) very conveni- 


ent, because it can so easily be reduced 
to the simplest possible form for special 
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cases, by mere cancelation of symbols, 
before the numerical part of the work be 
commenced. 

The calculator can, in most cases, re- 
cognize at sight the shapes to which for- 
mula (1) applies. For doubtful cases 
formula (5) is the criterion, and it is 
easily used. When the shape satisfies 
this, it is known that both the prismoidal 
and the center of gravity formule apply. 

The best practical application of for- 
mula (1) is to the determination of the 
mean distance, which the material of a 
cutting has been hauled to form an em- 
bankment, since here it apparently satis- 
fies the greatest want. //aulage is the 
product of the guantity of material and 
the average haul or mean distance which 
it has been transported. 
haulage is one cubic yard hauled one 
hundred feet. On this basis the price 
for haulage is fixed. 

After having calculated one factor of 
haulage, the quantity, it remains for us 
to find the other, or average haul. To 
do this pass a plane anywhere between 
cut and fill normal to route of haul. 
Suppose the magnitude of cutting to be 
generated by a limited plane, whose vari- 
able area is represented by y. Let x de- 
note the variable distance of y from the 
secant plane. However irregular may 
be the shape of cutting, we know that y 
varies as a function of Hence yd, 
the elementary volume, multiplied by =, 
which produces the elementary amount 
of haulage, is integrable. 


i 


1 


where d,, d,, are distances of ends of cut- 
ting, is the haulage of cut to plane, and, 
when x’ is the average haul so far as 
to the plane, the following equation is 


true. 
JS 4 yd 
di 
SS: (18) 


S aye 


The first member of this equation is, 
by definition, the average haul to plane; 
the second member is, by principles of 
mechanics, the distance of c. of g. of 
material from plane, and the equation 
shows that these are equal. 

By similar reasoning it is proven that 


The unit of 


the average haul from same plane to fill 
is equal to the distance of c. of g. of fill 


‘from plane. 


Therefore, the average haul of a piece 
of excavation is the distance between the 
center of gravity of the material as found 
and its center of gravity as deposited. 

This is as it is stated in works which 
touch upon the subject. But the prac- 
tical computation of this theoretical re- 
sult has been found to be a far more te- 
dious task. It is evident that, first, the 
centers of gravity of the component 
solids must be severally ascertained, 
since the cut or bank is measured as a 
compound shape. But the application 
of formula (18) to each of these produces 
a very intricate expression, involving 
about double the labor necessary to cal- 
culate the true content of the solid by 
means of the prismoidal formula in 
crudest shape. After this the several 
moments must be compounded. 

To avoid this some calculators have 
been in the habit of dividing the excava- 
tion into two parts of equal volume by a 
plane normal to center line, and estab- 
lishing this as the initial point of the 
average haul. A plane similarly fixed in 
the embankment marks the terminal 
point of same distance. But this plane 
is always nearer the larger end of shape 
than the c. of g. is, as may be illustrated 
upon the cone, triangle or any shape of 
unequal end dimensions. 

For instance, if the first five 100 ft. sol- 
ids of arailroad cutting have been trans- 
ported to a bank, and the generatrix 
commence with an area zero at beginning 
of cut, and reach, at the end of consid- 
ered part, an area whose center height 
is 20 ft., road bed width 20 ft. and side 
slopes 14 to 1, the total volume is about 
10,000 cubie yards, and, consequently, a 
difference of 1 ft. in distance makes a 
difference of one dollar in money. But 
the difference in the cut is 20 ft., and, if 
the bank be of same form, 20 ft. is there 
added to average haul distance. The 
average haul of other end of same cutting 
is likely to be also 40 ft. too long. The 
error of this method, then, makes a total 
error of eighty dollars for that cutting, 
which is invariably at the expense of the 
railroad company. In the time that a 
calculator would, by this method, com- 
pute the haulage of a division of ten 
miles he would be likely to cost his em- 
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ployers an amount equal to a year's 
salary. 

To divide the cutting into numerous 
small parts, and find the sum of their 
moments, or to determine the c. of g. 
by a mental estimate merely, are methods 
either laborious or liable to error. 

Because the earthwork solid belongs 


to the class of shapes bounded laterally | 
by straight line surfaces, formula (1) ap-| 


plies thereto. Let A, B,C, . 
be the areas of cross-sections, a constant 
distance apart, 100 feet, or D, in a piece 


~ 


of railroad excavation, whose material is | 
all carried in same direction to form an} 
Assume an axis, outside | 


embankment. 
of cutting, a distance d,, equal to 50 feet, 
beyond A. Then, according to formula 
(16), the statical moment of first volume, 
referred to this axis, or the haulage of 
its material to this axis, is, since d,+4D 
=100, 

100V, +7;D*(B—A), 
The haulage of second volume is, evi- 
dently, 

200 V,+7,D*(C—B). (19) 
The haulage of each remaining volume is 
represented by a similar expression, ex- 
cept that the coefficient of first term is 
always the product of 100, or D, by the 
ordinal number of the volume. 
for last, or n“, volume, the haulage is 


1002 Vn +73D(K—J) (198) 


The sum of these expressions is the total 
haulage to the axis. But the sum of all 
the second terms is 

7s D*(K—A). (20) 
Therefore, an exceedingly simple rule for 
determination of haulage can be con- 
structed. 

Before stating this rule let us make a 
further reduction in the formula. The 
unit of expressions (19), (20), is a cubic 
foot hauled a linear foot. To reduce 
this to the haulage unit, divide by 
27D.=2700. Let Vol,=¥, V,, etc..... 
Voln=y44Vn, that is, let the abbreviations 
represent the number of cubic yards 
instead of cubic feet. This, it happens, 
is the denomination used in dealing with 
these quantities, and is, therefore, the 
denomination in which these quantities 
are presented to us when we commence 
to calculate the haulage. Now, divide 


the sum of expressions (19), (20) by 27D, 


using the abreviations. 


(9), 


Thus, | 


| Partial - 
' haulage t =Vol, +2Vol,+ were 


! +494(K—A) (21) 
| Obviously, the axis may be established 
janywhere. It is merely convenient to 
| place it midway between the 100 ft. sta- 
‘tions. It might occupy the position 
midway between A and B. Then the 
moment, or haulage thereto, would be 
oer by formula (21), with each co- 
efficient of all but final term [called the 
correction term] decreased by unity. So 
the first term, Vol,, would vanish. 

Since this is so, the embankment can 
be referred to the same axis, wherever 
that may be with respect to the bank. 
In short, all the terms, except the correc- 
tion term, express the operation, to mu- 
tiply the number of cubic yards in each 
volume by the number of hundred feet 
| that the mid section of that volume is re- 
moved from the axis. 
| It is well to place the axis between 
cut and fill, or, if they overlap, as nearly 
so as possible, in order to avoid negative 
moments or haulage. For instance, the 
axis might be established half way be- 
tween B and C. Then the partial haul- 
age would be 
—Vol,+Vol,+2Vol,... 

100 

+ OXEX6 
This is less than (21), but the difference 
in defect, 2 Vol, where Vol is total vol- 
ume in cubic yards of material removed, 
|is exactly balanced by the same differ- 
ence in excess, which is created when 
the haulage from axis to fill is consid- 
ered. 

If the irregularity of the ground sur- 
face make it requisite to sub-divide one 
or more of the 100 ft. volumes, as the 
volume between H and I in Fig. 2, where, 
also, a plus or intermediate station, K’, 
instead of a full station, terminates the 
portion of cutting carried one way; the 
same rule expressed in italics, second 
paragraph above, holds, but the correc- 
tion formula is, for example above, 


szivo|D*(H +K—A—I) + D”(H’—H) 

+(D—D’)’?(I—H’)+D”(K’—K)], (23) 
which is simply a combination of the cor- 
rection formule for the volumes of dif- 


ferent lengths. 
The haulage from axis to fill is deter- 


+ (n—2)Vol, 
(K—A). (22) 
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Fig. 2. 




















a 3 c G Hs HI . J 
mined in same manner. But the result| yards in bank, and multiply quotient by 
must be multiplied by | number of cubic yards in cutting. The 


oaat | sum of these is the total haulage required. 
Excavation Vol. _ | This rule, although wonderfully sim- 
Embankment Vol. ple, in view of what might be expected 
for the reason that the material does not | from so irregular a solid as a railroad 
occupy same space in embankment as in | cutting, is absolutely correct. It only 
cut. Ordinary earths become compressed | remains to multiply its result by the 
to various degrees. Solid rock fills more price paid per unit of haulage to find the 
space in the bank. The result of division | price to be paid for the work. 
by Embankment Vol. is the number of; The position of c. of g. of cut may be 
hundred feet from axis to c. of g. of determined in same manner described 
embankment, or the true average haul | above for the bank. 
between. This should be multiplied by) Jt frequently occurs that portions of 
Excavation Vol., because the amount of excessive cuttings are transported to 
material should be measured in the exca- spoil-banks near at hand. Often the en- 
vation. The sum of the haulage Jrom | tire top is taken off by scrapers. The 
cut to axis ‘and from axis to the fill is| accurate final estimate does not distin- 


the total haulage from cut to fill. guish between these portions. In such 

The foregoing may be condensed into} a case the haulage from cutting to fill, 

the following systematic |as found by rule, is not the true haulage. 
RULE. 'Let Vol’ be the amount in cubic yards , 


| wasted, as recorded in monthly estimates. 
. . . | 4 [eg ; 
a piece of railroad excavation to the em-| Let H’ be the haulage of this amount to 


bankment built therewith, in terms of | ¥®5te pile, as determined in monthly 
the haulage unit, 1 cu. yd. hauled 100 ft. | estimates. The pogition of c. of g. of 


Yonsider a plane to be passed midway | this portion of cutting must be known. 


between two consecutive full stations, as| It can be found, according to method of 


nearly as possible between cut and bank. | ast paragraph, at the time when that 

Miiltiply the number of cubie yards in material is measured, and its position 
each volume of full [100 ft.] or minor should be recorded. Let the distance of 
[less than 100 ft.] length, in cutting by | this position from the c. of g. of fill be 
the number of hundred feet its mid-see |< Now, the error in the haulage, as 
tion is removed from the plane. If any | first calculated, is the result of the ope- 
such mid-section be on the side of plane ration founded on the supposition that 
toward the fill, its product must be taken | Vol was moved to the fill instead of 
as negative. The sum of these products | the waste bank. The correction is, 
is approximately the haulage from the |™ consequence, 


To find the haulage of material from 


cut to the plane. : H’—L’ x Vol’. (24) 
10 correct this add the expression Quite as often it happens that portions 

D lof the embankment are built of material 

~—-—, (K—A) \from borrow-pits at hand. Let Vol’ be 

9x6 x6 P | the number of cubic yards borrowed, as 


once for every series of consecutive vol-| measured in fill, H” the haulage thereof, 
umes of equal length, in the cutting, D|\and L” the distance of c. of g. of this 
being the length of each such volume, | portion of fill from the plane. Let the 
K, the area of end cross-section of the se-| number of cubic yards in entire part of 
ries, further from the plane, and A, the | bank to which material from cut has been 
area of end cross-section nearer the plane. | hauled be Vol’’’. This is equivalent with 

Determine in exactly same manner the | expression, Embankment Vol, used above. 
haulage from the assumed plane to the| Then (Vol’’’—Vol’’) is the portion of bank 
fill; but divide result by number of cubic| brought from cut; and its ¢c. of g.,—not 
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the c. of g. of Vol’’’, as calculated in rule, 
—is the terminus of average haul dis- 
tance from cutting. If L’” be the dis- 
tance of c. of g. of fill from plane as 
determined in rule, and L'’, the distance 
therefrom of c. of g. of (Vol’’’—Vol’’), 


then 
giv—L"'Vol! “—L"'Vol” 
Vol’”’—Vol” 
The correction to be made in mean haul 
distance from cutting is (L'Y—L’’’); and 
the correction to be made in haulage is, 
when a portion Vol’ of cut, has been wasted, 


(Liv—L’”’) (Vol—Vol’) (26) 


_(L'"—L")Vol” ~ vy 

= Vol" Vol” (Vol—Vol’) 
When nothing has been wasted, Vol’ in 
(26), (27) is zero. 

The haulage H” from borrow-pit is 
usually kept separate. 

Formule (26), (27) are correct on the 
supposition that the correction (24) has 
already been made. 

It appears from the foregoing that in 
cases where parts of cuttings are wasted, 
or parts of embankments are borrowed, 
not only should the quantities and haul- 
age of such parts be estimated from 
monthly measurements, as is always 
done, but also the centers of gravity of 
these parts should be established and 
recorded at such times, for use in de- 
termination of total haulage finally. 

The same methods apply, of course, 
to the borrow-pits and waste-banks. The 
method can be readily modified to suit 
all practical cases. 

For another method, also depending 
upon formula (1), of determining haul- 
age, when the cuts and banks have been 
calculated entire, that is, when the con- 
tents of single volumes are unknown; 
also, for graphical methods of solving 
the problems just presented, and for de- 
tails concerning the terminal solids of 
the banks and cuts, the reader is referred 
to the chapter on Average Haul in For- 
mule for Railroad Earthwork, Quanti- 
ties and Average Haul, since these de- 
pend partially upon formule foreign to 
the nature of this article. 

The plan of basing contracts upon ex- 
cavation and haulage prices, seems to be 
preferred to that which considers exca-| 
vation and embankment prices. The ad- 
vantage of the former is that any differ- 


(25) 





ence in labor, occasioned by change in 
amount of haulage, so often made neces- 
sary during progress of work, is directly 
provided for in the original agreement. 
The paragraphs containing expressions 
(19), (20), show that the statical moment 
of a series of consecutive, equally long 
shapes, each of which is represented by 
some of the forms of a quadratic func- 
tion, we may find by assuming the c. of g. 
of each shape to be half way between its 
ends, then compounding the several 


/moments, and finally correcting by the 
| expression 


7yD*(K—A). (20) 


27 'To determine the c. of g. of series, divide 
( ) | foregoing result by V. Therefore, find 


the c. of g. of series on supposition that 

the c. of g. of each shape is in its mid- 

section, and correct by adding to the 

distance, of the point thus found, from A 
the following: 

D*(K—A) 

12V 


Thus, formula (1) reduces the problem 
to this simple one: to find the resultant 
of a system of parallel forces in one 
plane, whose intensities and positions are 
given, the position of this to be corrected 
by expression (28). The singular advant- 
age of formula (1) is, that its second or 
correction-term, (28), remains as simple 
for any number of shapes in the series as 
for one. 

It is evident, in consequence, that the 
error of the assumption that the c. of g. of 
each shape is in its mid-section, is com- 
paratively less as the series is longer; 
also, that no error whatever results from 
this assumption, when the end areas are 
equal. 

For instance, to find ec. of g. of a 
spherical sector whose component cone 
and segment have equal altitude, it may 
be.assumed that the c. of g. of each is 
half way between its bases. 

To find c. of g. of a series of trapezoids 
such as represented in Fig. 2, assume as 
before the c. of g. of each to be midway 
its length, and correct the resulting posi- 
tion of c. of g. of series by 


D*(H + K—A—I) + D”(H’—H) 
__+(D—D'/)"(I-H’) +D"(K'—K). 
12V 
The series of trapezoids may have such 
arrangement that some are negative, as 


(28) 





(29) 
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illustrated in Fig. 2, p. 291, April No. of 
thig Magazine. When the last ordinate 
is coincident with first, the algebraic 
sum of trapezoids is the area of a poly- 
gon, included by the top lines of the 
trapezoids, and the ec. of g. or statical 
moment of this polygon can be found by 
application of formula (1) or (16). 
Suppose the polygon to be ABCDEA. 
Let a, 5, etc., be the ordinates of the 
vertices; and let a’, b’, etc., be the cor- 
responding abscisse of the same. Since 
we may at first assume thec. of g. of 
each trapezoid to be midway its length, 
the several moments of these figures, 
when the lever arm lies in the direction 
of abscisse, are, 
for first, 


4(a+0)(b’—a’)4'(b' +’) 


=+(a+b)(b"°—a"), (30) 
for second, 
4(6+c¢)(c?—b”), (30a) 
for last, 
¢(e+a)(a"—e”). (30) 


The correction term, for first trapezoid, is 


js(6’-a’)*(b-a); (31) 


for last, 
zs(a’ -e’)*(a-e). (31a) 
The sum of expressions (30), (31), is 
the statical moment of polygon, when 


the lever arm is parallel to abscissz. | 


This may be arranged as follows: 


t[a(v’ - e’)(e’ +a'+ b’) + b(e’ - a’) 
(a’+b’+c’)... +e(a’-d')(d’' +e’ +a’)]. 
(32) 
To obtain abscissa of c. of g., divide 
(32) by area of polygon, as expressed by 
rule B, p. 293, April No. of this Maga- 
zine. Accordingly, distance c. of g. of 
polygon is 
t[a(b’—e’)(e’ +a'+b') + B(c'-a’) 
(a’+b' +c’)... +e(a’-d’')(d'+e'+a’)] 
s[a(b’-e')+b(c' -a@’).... t+e(u’-d’)] 
(33) 


Each term of the statical moment is 
the product of three factors, two of which 
are the factors of a term of the area. 
These two factors need be used once 
only. 
easy. 


This makes the determination 





Always, when choice may be had, 
place the origin at one vertex, as at A. 
Then «=o, a’'=o0. In consequence, one 
term in the numerator, and one in the 
denominator, of fraction, vanish, and 
some of the remaining terms become 
reduced. 

Each term of the statical moment is 
the continued product of the ordinate of 
each vertex, the difference between the 
abscisse of the two adjacent vertices, (the 
subtraction being made always in same 
direction around polygon,) and the sum 
of the abscisse of the vertex itself and 
the two adjacent vertices. 

To construct the formula for the 
ordinate of c. of g., simply change, in 
Sormula (33), a, b, ete., to a’, b’, ete., and 
a’, b’, ete., to a, b, ete. 

Professor Weisbach in article 112 of 
his Theoretical Mechanics, Eckley Coxe's 
translation, demonstrates a method of 
determining c. of g. of polygons. The 
one above presented is, however, de- 
cidedly shorter when one co-ordinate 
only of the c. of g. is required. When 
both co-ordinates are sought, there is 
little preference between them, this being 
in favor of Weisbach’s method. 

The first two columns of the following 
example are quoted from the article in 
Theoretical Mechanics above referred to. 
The problem is solved by the method of 
this paper. 

















a’ | a@ | Double Area. as Stat. 
Moment. 
24 11 x 11=121 x 49= 5929 
7/21| x 40=.840 x 15=12600 
-16}15 |) x 19=285 x -21=-5985 
-12 |- 9 x -34=306 ¥ -10=-3060 
18 |-12 x -36=432 x B0=12960 
| 
1984 224414 ° 
t= 4.28 At4=3.771 


To find y,, substitute a for a’, and a’ 
for a, ete.; then proceed as in above ex- 
ample. 

Applied to a triangle ABC, when the 
origin is placed at vertex A, formula (33) 
becomes 

¢(Le'—cb’) (b' +e’) _ Stat. Mom. 
4(bc’-cb’) “ Area. 
=4(b' +c’) =2, rv 
Likewise, 4(b+¢) =y,) 
The abscissa and ordinate of c. of g. 


(34) 
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of the retaining wall, Fig. 3, the origin 
being at the left end of lower base, are: 


_tfhd' (d+d’) +h'(w'-d)(d+d'+w’)] 
4[hd’ +h'(w'-d)] 





(35) 

_+- —dh'(h+h')+adh(h+h’) +w'h")] 
4[—dh’+adh+w'h’] 

(36) 


The numerator of (36) can be reduced. 
For Fig. 4, 


Fig. 4. 
w 


Fig. 3. 
= 

















Md’ (d+d') +(w'-d)(d+d’ +w')] 

=e 7) 

h a 

give ) 

According to formula (1), 
@ w—w')\h* 
=p Ss (8 
or, from (36), when A=/’, 
2w+w' h 

A= w+o 3 (38a) 

















To determine the abscissa of the c. of 
g. of the embankment, Fig. 5, which has 
a core of different density from that of 
the covering material, we may find the 
abscissa of polygon ABCDEFGHIJA, 
and then that of polygon JIHGJ, and 
compound the moments, having regard 
to the unequal densities. But the prob- 
lem can be solved more simply in one 
operation. Suppose y to be the heavi- 
ness of covering material, and y’ the 
heaviness of core material. Now con- 
sider at once the polygon ABCDEFGHI 
JIHGA, regarding the ordinates of I and 


H, the second time used, ‘as a é, oh. 


To obtain the ordinate of c. of g. of | 
whole dam, consider the same complete 
‘polygon, but regard the abscisse, when | 
used second time, of all the vertices be-| 
longing to the core [J,I,H, G], as if they | 
were longer in ratio of y’ to y. 


If it be desired to ascertain the com-| 
mon ce. of g. of the water resting on 





For the determination of the statical 
moment, or the c. of g., of any series of 
trapezoids, formula (32) or (33) is pre- 
ferable to formula (16) or (1), when the 
lengths are all different. This is very 
apt to be the ease in that particular ar- 
rangement of trapezoids which forms the 
polygon. (32), (33) are, therefore, emi- 
nently suitable to this shape. When- 
ever a majority of the trapezoids have 
equal lengths, as in Fig. 2, formula (1) 
is to be preferred. 


As it usually happens that the areas 
and volumes of practical shapes are cal- 
culated for other purposes in advance of 
the determination of centers of gravity, 
formula (33) is generally in simplest 
| form. When the area of polygon is 
neither known nor required, expression 
| (33) can be always reduced by cancela- 
[tion of common factor $, and frequently 
| can be much further simplified, as in case 
of triangle, and to form expressions (37), 
| (38a). 














slope, and the dam itself, consider the| The denominator of (33), when that 
polygon, AA’A”CBA, BCDEFGHIJ, JI| formula expresses the abscissa, is equal 
HGA, and regard, when determining the| with in value, though different in form 
abscissa, the ordinates between first and | from, the denominator of (33) when it 
second commas as multiplied by y, and | expresses the ordinate of c. of gz. There- 
those after second comma, as multiplied | fore, the denominator need be calculated 
by vy’. When determining the ordinate| once only. Thus the denominators of 
of c. of g., multiply the corresponding | (35), (36) are the same in value, each 
abscisse by same quantities. | representing the area of the polygon. 
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THE ASTHETICS OF ENGINEERING. 
By RICHARD GERNER, M. E. 


Written for Van NostTRaND’s MAGAZINE. 


By way of repeating a frequently | 
quoted remark, with a view of impress- | 


ing its significance upon the reader's 


mind, be it stated that there is no pro-| 


fession which is so interwoven, not only 


with other professions, but also with the | 
more ideal and oftentimes fanciful walks | 


of the human mind, as that of the me- 
chanical engineer. We see the engineer's 
handiwork in that of the architect, the 
builder, and, in brief, the representative 
of almost every industry, trade and pro- 
fession. This is only natural, for wher- 
ever ingenuity is called into play, wher- 
ever primitive nature is to be recon- 
structed for the practical comforts of 
mankind, wherever necessity or ambition 
drives the human mind into the realms 
of mechanical genius, the engineer is at 
his station, 
“Placed on this isthmus of a middle state, 
A being darkly wise, and rudely great.” 

There was a time when his services 
were required solely in the solution of 
practical life problems—as simply to 
span the river with a bridge, and myriads 
of similar questions. 

“Great nature spoke; observant man obeyed,” 
and civilization grew out of primitiveness. 

But now that we are established, now 
that our wants are supplied, now that we 
are at leisure to turn from the merely 
problematic to the consideration of work 
of improvement, let us lend an ear to the 
dictates of the mind, the heart and the 


Each serves the purpose for which it 
was intended, it is true; mariners would 
not be safer, transit less difficult, jets of 
water less brilliant or bell peals less in- 
spiring, were it otherwise. But it is an 
outrage upon our sense of the beautiful. 

What you want is to behold a Bedloe’s 
‘Island Gift of France rising from every 
surging shore, a Girard Avenue Bridge 
over every stream, a Loreli or Neptune 
in bronze splashing from every fountain 
basin, and a Trinity Church steeple every- 
where to proclaim the hour of devotion. 

How uncivilized they would feel in 
Philadelphia, had they to miss their Fair- 
mount Water Works, and their water to 
be taken from the Schuylkill and the 
Delaware, borne in barrels on mules 
through the city and sold for a penny a 
gallon to the inhabitants, as is now prac- 
|tised in the far Orient, and the land of 
‘the Southern Cross; how unprogressive 
we should feel, in New York, had we to 
want our gas works, and to light up our 
|proud metropolis with small oil lamps, 
secured on wooden posts, as now yet 
| practised half the civilized world over. 
| “How odious such comparisons. And 
| yet, those who do not possess these ad- 
vantages cannot appreciate what it is to 
'want them; people never miss what they 
| never had; they feel comfortable in their 
| misery. 


“See the blind beggar dance, the cripple sing, 
The sot a hero, lunatic a king; 
The starving chemist in his 
Supremely blest, the poet in 


olden views 
is muse.” 












soul; and while continuing in our work | ; 
to minister to the bodily wants of man-|And again, do you doubt that our pos- 
kind, see if we cannot apply our work to|terity will make such comparisons be- 
the aggrandizement of the beautiful and | tween their state of civilization and ours? 
the sublime, or, vice versa, the flights of | Will the Captain Nemos and the Profes- 
art, imagination and poetry, to the eleva- | 50r Wises of those days not smile in de- 
tion of our work. |rision upon the diving bell and the bal- 

You would not have, rising on a foaming, |loon ascensions of the nineteenth cen- 
craggy promontory, a huge, rude tripod, |tury? Will the engineers and builders 
supporting a torch to warn the storm-|of the great unknown future of mankind 
tossed mariner off the breakers, or a few | not jest over the primitiveness of this 
planks thrown carelessly across a stream | age, in contemplating the colossi of New 
to afford a transit, or a clumsy pipe stick-| York, San Francisco, Yokohama, London 
ing out from a basin to represent the|and where not? The Island statuary 
fountain of a garden, or a bell tolling | Gift of Greece to France, of Italy to 
from an uncouth gallows to call the pious |Germany, of Spain to England, etc.? 
to their devotions. The Miltonian tunnels through the An. 
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des, the Himalayas, the Rockys and the | of Glo’ster, and the cylinder into the aged 
Alps, resembling gates to the Infernal| breast of Henry V1?. Not while such 
Regions, on whose hinges you might| designers as Mr. Babcock or Mr. Corliss 
fancy hearing |are living to give life to such engines as 
ee “— grate " | we have seen displayed at our Centennial 
Of Erebus? nat the lowest Dottom shook | Exhibition and elsewhere. What ex- 
F : |quisite regularity and grace of motion ; 
for electric locomotives to flash through? | there is almost poetry in it. There is as 
the stupendous structures over the rivers, | much food for the mind of the dreamer 
as the Eagle spreading its bronze wings | in the engine-room of a steamer as ina 
over the Hudson; the Crescent stretch-| pomantic wilderness, where, in the former 
ing its arc over the Dardanelles, the Lion | cage, he is tranquilized and wrapped up 
leaping the Thames, or the Tea Leaf) into a delicious brown study in the ob- 
Bower gracefully spanning the Yangste- servation of the regular, alternate, up-and- 
Kiang? © Shall we not suffer ridicule and | down stroke of the steel bars in their 
humiliation ? ; ; - ,|journals, and in the latter case, per- 
Shall that ever be with us? No!) chance, in the dripping of successive crys- 
Then teach your engineers the legends | ta] drops from out-of a rock into a tiny 
of all nations and climes, mount where pool. 
fancy guides, study the dreams of our!” Who is there that can stand within a 
poets, observe the thoughts of our art- | leap of a railroad track and not feel 
ists, follow where history leads, and lift | stirred into the innermost confines of his 
your gaze into the clouds, so that Alad feelings, with the sublime grandeur that 
din may be seen standing on some rocky | takes momentary possession of his entire 
isle, illuminating with his wonderful lamp | ge]f when the locomotive dashes by? 
the gloom of the dangerous waters, and! Who is there so hardened to fancy that 
Lohengrin ascending the Hudson, bear-| he cannot penetrate into a gloomy tunnel 
ing a pleasure party in his shell, so that and not imagine himself on his way to 
dragons may fly over the rails, on festive fantastic abodes: of the throne of the 
occasions, and ice bears spit the spark-| monarch of the dwarfish miners, of the 
ling soda ; so that our cities may be old Teutonic legends, of the chamber of 
graced with Vulcans supplying us with the Queen of night, or of the realms of 
gas, and Rebeccas with water, and s0/ Satan himself? 
that the splendors of the empires of! But it were purposeless to cite further 
romance and reality may be symbolized | instances; go where you will, into any 
to beautify our works of to-day. ., | department of engineering, you will en- 
Why should things be done clumsily | counter appeals to your admiration, your 
when they might just as well be done wonder, your emotions, and, perhaps, 
handsomely? A nation in whom the your passions. ; 
sense of the beautiful is deadened, is|“ Whence we observe that, of all things. 
little more than a colony of barbarians. | engineering is less incompatable with the 
. But it must be remembered that there beautiful and the sublime than many be- 
1s a marked line between going to work lieve, and is more indispensable to the 
in a reasonable manner and going into | furtherance of the beautiful, the sublime 
extremes. There are instances where the | and the poetical than many know. 
old epigram, “beauty unadorned, adorns! (Of this latter we have a striking exem- 
the most,” finds a remarkably good appli-| plification near at hand. All the splen- 
cation. dor, the beauty, the wonder and the 
Take the steam engine of to-day. Ob-| grandeur of the spectacle of Bada, lately 
serve as it exists in its height of perfec-|on the boards of the New York stage, 
tion, how graceful its proportions, how| where would it be but for the engineer? 
beautiful its curves, and how tasty its| People go there and praise the author 
form. How proudly the engineer gazes for the charming fairy tale he has told 
upon that child of his brain. Would he| us, and the artist for the magnificent 
feel the better, do you suppose, were the illustratory scenes he has painted us, 
fantastic dreamer to seize upon its sym-| without taking into consideration that, 
metry and simple charm, and transform | but for the genius of Mr. Sherwood, the 
the piston-rod into the sword of the Duke | designing engineer, the literature and 
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the art of the play would all be in vain, 
towards approximating to the results 
attained. 

It is in this manner that we see engi- 
neering play its part in every depart- 
ment of human activity; even in the 
activity of the imagination, and we see 
the utility of the engineer being versed 
in art, romance, etc., no less than the 
artist or the scholar. He cannot be too 
thoroughly acquainted with any depart- 
ment of human learning; his profession 
is at once an art, a science, and an 
industry. 

It should be remembered that it is not 
so much the detail beauty of a structure 
which wins a reputation for the author, 
but the boldness of its conception; and 
and boldness in this regard is an attri- 
bute of that mind which has roamed 
unrestricted through all the confines of 
knowledge. 

Decoration in detail is very good in 
some instances, and has won a name for 
many a designer, but it will be observed 
that the greatest triumph is reserved for 
him who at once conceives an ornament 
in the construction of the whole. 

As, for instance, to construct a bridge 
in a mountainous or rocky region after 
the model of a bridge of the middle ages, 
one of those immense, gaunt, grim struc- 
tures, which look so well on canvas, and 
which would be so proper on some rivers 
adapted by nature to be associated, in its 
surroundings, with such a bridge. 

Beauty in structures to-day depends 
somewhat more upon style and taste 
than on fanciful conception. Everything 
is aimed at simplicity; designs lose the 
intricacies of those of the sixteenth 
and seventeenth centuries; surfaces are 
smooth to-day in contrast with the heavy 
decoration of those days; in many cases, 
the simplicity has become almost to 
severe. 

This is but an era of style, as there 
have been so many eras, and so many as 
there are yet to come, and the simplicity 
of to-day, while it may find resurrection 
in some future age, may be replaced 
to-morrow by that ponderous ornament 
which it replaced yesterday. 

The engineering fashions of to-day 
seem very much in accordance with the 
general intellectual levity of the age; the 
outward tout ensemble of our metropolis 
speaks of easy elegance rather than of 


solid magnificence. As an example may 
be cited the Girard avenue bridge in 
Philadelphia, and also the latter-day 
park and illumination improvements in 
New York. They are entirely in har- 
mony wit the character of gay flashy 
capitals. London, Paris, Vienna, Berlin 
and St. Petersburg look to-day as they 
did a century or two ago, as much as the 
gas fixtures of those days look like the 
gas fixtures of to-day. 

The Fairmount Bridge at Philadelphia 
is an attempt at a contrast, and was built 
on an entirely different conception. Un- 
fortunately, it is partly a failure. Mr. 
A. P. Boller, in his work on “Iron High- 
way Bridges,” calls it a “huge architec- 
tural fraud,” and with justice, for “in- 
stead,” Mr. Boller says, “of letting the 
enormous trusses stand in all their gran- 
deur, depending wholly upon judicious 
painting and the design of the cornices 
and railing for their esthetic effect, 
thousands of dollars have been spent in 
actually covering up the trusses, to a 
great extent, with sheet-iron, forming 
an arcade, as it were, of great massive- 
ness, by arching between the posts of 
the trusses, the arches springing from 
large Roman sheet-iron capitals, about 
halfway down the posts! The result is 
that, at a little distance, the specta- 
tor beholds an arcade, without any 
visible means of support, for 340 feet. 
To be thoroughly consistent, the archi- 
tect of this constructed decoration should 
have at least sanded his sheet-iron when 
painted, and marked in strong lines the 
joints that masonry of similar forms sug- 
gests.” 

The bridge is built in violation of the 
Ruskinian axiom: “Decorate the con- 
struction, but do not construct decora- 
tion.” “Such a principle conscientiously 
kept in view,” continues Mr. Boller, “can 
only result in good work. Its violation, 
in a majority of cases, results in a de- 
moralization of the taste of the commu- 
nity. Public works, in a sense, play a 
part in the education of a people, and 
their authors and builders consequently 
have a responsibility in addition to the 
mere utilitarian idea of endurance and 
safety.” 

The axiom just enumerated can only 
violated under peculiar circumstances, 
jand then only by men who have their 
wits about them. An error is fatal, as 
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in the case of the Fairmount Bridge. In 
all other respects it “is a monument to 
its designer and an honor to American 
engineering.” 


Ruskin, be it stated, in his axiom, did 
not mean to say that a thing was not to 
be constructed because it was an orna- 
ment, such as a statuary light-house. 
The terms ornament and decoration 
are not convertible; decoration is that 
which serves to beautify, adorn or em- 
bellish something else, such as a struc- 
ture; an ornament is a decoration in 
itself, or, perhaps, a decoration of the 
general surroundings; thus, a frescoed 
ceiling is a decoration, while a fountain 
is an ornament; an ornament may be 
decorated, but never a decoration orna- 
mented. Ruskin referred strictly to deco- 
rations. Webster does not make this 
distinction, but I think I shall be sus- 
tained in making it here. 


Another departure from the style of the 
age is rustic work, and the specimens in 
the Central Park of New York furnish 
excellent examples of the beauty and 
practicability of such work in bridges, 
steps, cottages and railings. 


Style, in construction, depends in a 
great measure upon the materials at the 
command of the engineer. The somber- 
ness of the style of the middle ages was 
due as much to the stone then at their | 
command as to anything else. And so it | 
was in ancient history. Rome was built'| 
essentially of marble and granite, and! 
hence, in great massiveness. We do not) 
depend upon gtone only to-day. Our'| 


HE Buivue Process OF CopyinG TRACINGS. 
—In a short paper read before the Insti- 

tute of Mining engineers Mr. P. Barnes gave 
the following summary of the manipulations 
required in this process: 1. Provide a fiat board 
as large as the tracing which is to be copied, 
2. Lay on this board two or three thicknesses 
of common blanket, or its equivalent, to give a 
slightly yielding backing for the paper. 3. Lay 
on the blanket the prepared paper with the 
sensitive side uppermost, 4. Lay on this paper 
the tracing, smoothing it out as perfectly as 
possible so as to insure a perfect contact wiih 
the paper. 5. Lay on the tracing a plate of 
clear glass, which should be heavy enough to 
press the tracing close down upon the paper. 
Ordinary plate-glass of 3g in. thickness is quite 
sufficient. 6. Expose the wholp to a clear sun- 
light, by pushing it out on a shelf from an 
ordinary window, or in any other convenient 
way, for six toten minutes. Ifa clear skylight 
only can be had, the exposure must be con- 
tinued for thirty or forty-five minutes, and 
under a cloudy sky sixty to ninety minutes may 
be needed. 7. Remove,the prepared paper and 
drench it freely for one or two minutes in clean 
water, and hang it up by one corner to dry. 
Any good hard paper may be employed (from 
even aleaf from a press copy-book up to Bristol 
board) which will bear the necessarry wetting. 
For the sensitizing solution take 1% oz. citrate 
of iron and ammonia and 8 oz. clean water; 
and also, 114 oz. red prussiate of potash and 8 
oz. clean water; dissolve these separately and 
mix them, keeping the solution in a yellow 
glass “bottle, or carefully protected from the 
light. The paper may be very cvnveniently 
coated with a sponge of four inches diameter, 
with one flat side. The paper may be gone 
over once with the sponge quite moist with the 
solution, and a second time with the sponge 
squeezed very dry. The sheet should then be 
laid away to dry in a dark place, as in a drawer, 


| and must be shielded from the light until it is 


to be used. When dry the paper is of a full 
yellow or bronze color; after the exposure to 
the light the surface becomes a darker bronze, 
and the lines of the tracing appear as still 
darker on the surface. Upon washing the paper 








progress in chemical and physical science | the characteristic blue tint appears, with the 
has given us the metals and other mate-| es of the tracing in vivid contrast. 


rial, and the result is necessarily light-| r[ ‘ue Zabiaka, the fourth and last of the Rus- 


, Psa int tee altel sian cruisers, built at Philadelphia, is re- 
ness in construction. ey Have aided | ported to have averaged over fifteen knots an 


us in conceiving of bolder engineering | hour on her trial trip. The Zabiaka is 220ft. 
projects, but they have not by any means | long, has 30ft. beam, moulded, 17ft. 6in. depth 
reached the maximum of their adapt-| of hold, and has a mean draught of 11ft. Yin. 


os ae . | She is bark rigged and carries a great deal of 
ability. Only when they are utilized in| canvas: is about the same length as the Ala- 


' the repetition of the engineering won-| bama, and is said to look like that famous pri- 
ders of the ancients, and when our cities | vateer externally. The battery consists of six 

” | oe coe 4 7 = 
partake of the magnificence and grandeur | — prey Seg ag Guns an. Segoe | pe aa 
of the capitals of N ero, Sardanap alus and cast steel. Four are of 4in. bore and are broad- 
others, shall this have been attained. sides, the other two are of the 6in. bore and are 
And with our facilities, we shall be able| pivot guns. All are to be mounted on the spar 


to remodel the appearance of our sur-| deck, . the pivot guns will train in any direc- 
: : mann will - | tion. e interior arrangements of the Zabiaka 
roundings in a er that outvie| are—according to the American Army and Navy 


the fondest conceptions of the boldest Jo.rna/—models of fine workmanship apd con- 
and most extravagant dreamer. ivenience. 
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ENGINEERING GEOLOGY. 


Br W. H. PENNING, F.G.S. 


From “The Engineer.” 
I. 


In the execution of engineering works, | of what can be achieved in the same di- 
however scientific in design and clever in| rection through the methods employed 
workmanship, failure has frequently | by the field-geologist. By these he de- 
usurped the place of success, because due | termines not only the kind of rocks oc- 
attention has not been paid to geological | curring at or near the surface, but also 
phenomena. The same may be said of| their position in regard to each other; 
building operations; whilst it is notori-|and is enabled to indicate with reasona- 
ous that vast sums of money have been | ble accuracy what strata will be met with, 
thrown away in mining speculations|and in what successsion, to a depth, it 
which would at once have been charac-|may be, of several hundred feet; and 
terized as hopeless by any one possessing | these results of his labors include not 
the slightest acquaintance with geology. | merely a knowledge of what beds would 
Although a knowledge of this science is|be pierced in sinking a well, or in ex- 
undoubtedly a great acquisition, which | cavating trenches for foundations, such 
affords both pleasure and profit to the | as would be afforded equally by trial- 
possessor, it is not possible, nor even de-| holes or borings of sufficient depth; but 
sirable, for all professional men to be- | they embrace also the important points 
come proficient geologists. Those for|of the “lie” of the beds, the order of 
whom these papers are more especially | their superposition, their outcrop, dip, 
intended have too many claims upon |and consequent water-bearing properties ; 
their time and attention to bestow either | by all of which the stability and dura- 
upon a study of abstract principles, laws, | bility of engineering works are greatly 
and theories, which do not relate to their | affected. One cannot fail to perceive how 
own particular science, art, or occupa-| differently placed or constructed would 
tion; but they may with advantage avail| have been many of the most important 
themselves of the labors of others, when | works, such as fortifications, railway-cut- 
the results of those labors bear directly | tings, embankments, tunnels, and even 
and in a very important degree upon the| sewers, had those who designed them 
stability or success of the works whereon | been acquainted with the principles, me- 
they are engaged. 'thods, and results of field-geology; or 

The engineer certainly should make | how much capital might have been use- 
himself acquainted with the geology of a| fully instead of fruitlessly expended, or 
district through which a line of railway how many catastrophes would have been 
is to be constructed from his designs and|averted. Mention has already been 
under his superintendence. He should|made of costly sinkings for minerals, 
ascertain the nature of the various rocks where they could not possibly have been 
that will be met with, not only at and near found; large sums of money have also 
the surface of the ground, but for a con-| been wasted in equally fruitless searches 
siderable distance below; their relation for water. Yet water-supply is as amena- 
to each other, and the consequent in-| ble to known laws as any other phenome- 
fluence they will exert over the works in non of Nature, and within certain limits 
contemplation. “Trial-holes” are gen-|it may be determined without experi- 
erally dug for this purpose, but these are|ment. Although the divining rod has 
simply pits excavated to a depth of a few not even yet ceased to be a power 
feet, and afford information which, al- amongst foolish people in certain locali- 
though valuable in itself, extends only to | ties, its days are surely numbered; men 
the superficial deposits. Borings are} must, sooner or later, come to see that 
sometimes made, but are, in most cases, springs are merely water finding its own 
too costly; and however numerous these, | level, and that for water to issue forth at 
or trial-holes may be, both fall far short one part of the earth's surface, it must 
Vou. XX.—No. 6—33 





474 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





have been absorbed at another. When 
the conditions affecting its absorption by 
and passage through the strata of a 
district are known or can be discovered, 
the existence of springs, their depth 
from the surface, and the height to 
which they will ascend, can be approxi- 
mately, if not with extreme accuracy, de- 
termined. In his “Rudimentary Geo- 


logy,” Major-General Portlock has truly | 


and eloquently said, “Geology is now a 


true science, being founded on facts and | 
reduced to the dominion of definite laws, | 


and in consequence has become a sure 
guide to the practical man. 


where he may expect to find coal or iron, 
or to the recovery of the mineral vein 
which he has suddenly lost; the engineer 
is guided by it in tracing out his roads 
or canals, as it tells him at once the| 
firmest stratum for supporting the one, 
and the easiest to cut through for the) 
other, and makes him acquainted with 
the qualities of the materials he should | 
use in his constructions, and the locali- 
ties where he should seek them; the| 


The miner | 
finds in it a torch to guide him, in his | 
subterranean passage, to the stratum | 


| ; . 
'as strong and as interesting as any upon 


‘which is based the science of geology. 
|The rocks will be treated merely as 
stones, clays, and sands of varying 
quality; some possessing commercial 
value and great utility; others having 
qualities to be guarded against in all 
mechanical operations; some only exhib- 
iting water-bearing properties; but all 
worthy of study, independently of the 
old-world histories which they contain. 
The names of places are given only in 
particular instances, such as those of 
‘mines, important quarries, notable sec- 
tions, and so on, it having been con- 
sidered advisable not otherwise to refer 
to localities in the description of the 
‘rocks. These are mentioned generally, 
|and under specific denominations geo- 
‘logical maps indicating much more 
| readily the formation at any particular 
spot than a lengthy reference to the 
[many places which must otherwise have 
been mentioned as situated on an ex- 
|tended outcrop. The main object of 
these papers is to enable the observer to 
| discover and for all practical purposes to 
trace out for himself the nature and 

















geographer finds his inquiries facilitated | extent of the rocks with which he is con- 
by learning fromm geology the influence |cerned. The “drifts” are usually omitted 
of the mineral masses on the form and |from the maps; these are a series of 
magnitude of the mountains and valleys, | | ‘superficial deposits not shown on any of 
and on. the course of rivers; the agri-| the older geological charts, and noticed 
culturist is taught the influence of the|on only a few of the more recent official 
mineral strata on vegetable and animal | publications. They consist chiefly of 
life, and the statesman discovers in the clays and gravels of peculiar character, 
effects of that influence a force which | which are found here and there upon the 
stimulates or retards population; the) ‘older rocks, on hills and in valleys, with 
soldier also may find in geology a most no very definite mode of occurrence. A 
valuable guide in tracing his lines both | section is devoted to a brief description 
of attack and defense; and it is thus that | of these deposits, with the methods of 
a science rich in the highest objects of | tracing and mapping them, as they must 
philosophical research is at the same) be treated from a practical point of view, 
time capable of the widest and most) in the same way as the older and more 
practical application.” important formations. 

In the following papers rules and| Geological Strata: Their Nature, 
methods relating to stratigraphical geol-| Relation, and Bearing upon Practical 
ogy only are given; as the geological| Works.—The earth’s crust consists of a 


conditions which affect engineering and 
similar works are the extent of the vari- 
ous strata, their lithological character, 
and order of succession. 


what may have been the forms of Life! 
during the ages when the strata were 
deposited, what their relations to those 
older or more recent, or what the order 
of their appearance in time; although | 
the evidence upon these questions is! 


It matters not | 


great number of alternating rocky layers, 
various in kind, thickness, and extent, 
but always in regular, if not in constant, 
sequence. The uppermost have been 
formed in a great measure from the 


waste of those beneath, in the same way 


as the material now being deposited on 
the bottom of the sea has been derived 
from the denudation of the existing dry 
land. These layers are but rarely hori- 
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| 
zontal, and they bear evidence of having | 


been subjected to an upheaving force 


‘ which has acted at various times, un-| 


equally and with different degrees of 
intensity, beneath every portion of the 
earth's surface. There have been corre- 
sponding, and on the whole nearly equal, 
movements of depression, and all areas 
have frequently been dry lend, again to 
be covered by the waters of the ocean. 
It is owing to this inequality in the 
upheaval of the beds, and to their con- 
sequent partial destruction by the sea, 
that the lower and older strata are now 


exposed at the surface of the ground, 


and that we are enabled to classify the 
rocks and to decipher their ancient 
history. The formations, of which the 
denuded edges are thus bared and 
thrown open to our inspection, are 
indicated by different tints upon geolog- 
ical maps: If it be borne in mind that 
each of the areas thus distinguished rep- 
resents, as a general rule, the edge and 
not the surface of a formation, 
proper understanding of a geological 
map is much facilitated. It is evident 
that were these variously-colored por- 
tions each indicative of an original ‘sur- 
face, the rocks so depicted would gener- 
ally be the newest, as overlying those 
which are hidden beneath. But their 
edges only being exposed and portrayed 
on the map, the planes of bedding must 
be either in a vertical position, or in- 
clined from the surface in some direc- 
tion, and the rocks, as a matter of course, 
must then pass in under some of those 
that are contiguous. Any geological 
map shows that, in this country, by far 
the larger proportion of these edges, or 
lines of outcrop, follow a nearly north 
and south direction, therefore the beds 
must dip, if at all, either to the east or 
to the west. The general dip of the 
formations in these islands is towards 
the south-east; consequently those on 
the north-west are the oldest, and the 
lowest in the geological scale; those on 
the south-east are the highest in the 
scale, therefore the most modern. All 
the beds of which the various formations 
are composed are termed “rocks,” whether 
they be hard or soft, of aqueous or 
igneous origin. The following remarks 
upon them have been as far as practic- 
able classified under three headings—(a) 


The nature of the rocks; (6) Their rela-| 


the | 


tion to each other; (c) The bearing of 
the nature and relation of the rocks 
upon practical operations. 

(a) The Nature of the Rocks.—The 
rocks of which the known crust of the 
earth has been built up, in successive 
layers, are of infinite variety as regards 
texture, color, hardness, and other pecu- 
liarities. All are made up of minerals 
either in a crystalline or fragmentary 
form, or of mineral matter in a state of 
comminution. Some rocks contain metals, 
either free, or, as ores, in combination 
with oxygen, and but comparatively few 
are without metallic coloration. All 
rocks may be divided into two great 
classes:—(1) The igneous or unstratified, 
which were formed below the surface, 
and were by volcanic or similar force 
erupted through or intruded into the 
pre-existing formations. (2) The aque- 
ous, or stratified, which were deposited 
from water as sediment, or in some cases 
as chemical precipitate. There are rocks 
which are otherwise formed, and some 
which have been altered from their orig- 
inal condition by heat or pressure, or by 
both agencies combined; but in a work 
of this nature the scientific differences 
may be disregarded. (1) The igneous 
rocks are the granites, dolomites, dio- 
rites, felspars, basalts, trachytes, and 
tuffas. (2) The aqueous are sandstones, 
clays, limestones, flints, and gravels. 
The altered, or metamorphic rocks may 
have been either igneous or aqueous, but 
were principally the latter, and are now 
found as gneiss, quartzites, clay slates, 
schists, and altered limestones. The 
class to which rock belongs is practically 
important, on account of the difference 
in the normal mode of its occurrence. 
The stratified rocks lie evenly, the one 
upon the other, and preserve a regular 
but sometimes interrupted sequence; 
the unstratified follow no definite lines, 
but suddenly break through older rocks 
and disappear in an equally abrupt man- 
ner. In both classes the rocks of every 
kind present many varieties and grada- 
tions towards each other, but on the 
whole they possess broad characteristics 
by which they may be fairly determined. 
It may be noted that, generally, but 
not without exceptions, the older strati- 
fied and the altered rocks are more 
crystalline and compact than those of 
more recent date. Those that were by 
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an old classification designated primary, | by which engineering works are especial- 
consist of slaty and crystalline strata,|ly affected. The phenomena of deep- 
such as gneiss, and mica-schist, marble,| seated springs depend not altogether 
and clay slate; transition, of slaty and | upon permeability—although this is one 


siliceous sandstones and _ calcareous | of the chief elements in their production 
shales; secondary, of chalk, limestones, | |—but also upon the relative position of 
red sandstones, marls, and clays; ter-| pervious and impervious strata. These 
tiary, of sands and clays; recent, of| may succeed each other in the simplest 
sands, gravels, silt, peat, and alluvium. | way, by being in regular sequence the 
The loose and friable beds are the most| higher beds resting evenly upon the 
recent, overlying others more consoli-| lower, each possessing the same angle of 
dated of secondary age, which in turn/dip; or in a more complicated manner, 
rest upon the older and more crystalline | which is described as “unconformable.” 
strata. All were once in the same un-| This term is applied to beds, or to sets 
solidified condition, but some have be-|of beds, which at any particular spot 
come hardened during the ages which | possess different degress of inclination. 
have elapsed since their ac cumulation. | It is evident that in such a case the up- 
(5) The Relation of the Rocks to Each | permost beds rest upon the edges, and 
Other.—For mechanical purposes, the not upon the surface of those beneath, 
relation of the rocks of a district is quite | and that before the higher were deposit- 
as important as their individual nature,|ed, the lower had been cut off by some 
but not so readily ascertained, unless the process of denudation. Occasionally 
proper methods of procedure be under-| beds overlap each other, without being 
stood. Their relative thickness, of| exactly unconformable; and sometimes 
course, rules the extent of the ground|those which are known to be so, do- 
occupied by each, but it must be studied, | nevertheless rest evenly upon each other, 
also, in connection with their dip, which! and with the same dip; but this is a 
exercises a powerful influence on the merely local, and may be considered an 
shape of the country where they come to accidental occurrence. When strata are 
the surface. Where the bedding. of | unconformable, of course the continuity 
rocks is horizontal, or nearly so, the sur-| of the lower beds beneath the surface is 
face will be much more flat and spreading | broken, and this must affect the flow of 
than where the dip is sharp, which will| water through them in any direction. 
produce a rugged and rapidly-alternating |The underground extension of rocks is 
landscape. This fact is well worthy of| likely to be interrupted also by “ faults,” 
notice, because we may reason conversely or other dislocations, by which portions 
that if a country be flat, the beds are / of them are displaced, sometimes several 
tolerably level, and extend some distance | hundred feet, and which may extend 
in any direction; but if it be miuch| horizontally for a short distance only, or 
broken, that they have a high angle of | for several miles. Such faults or breaks 
inclination. Upon the dip other proper-| must in all cases be discovered, and their 
ties of the beds depend; and it will be influence estimated, in the consideration 
seen that it involves many important| ‘of problems in engineering geology. 
consequences to works constructed on| (ce) Zhe Bearing of the Nature (a) 
their outcrop. The relative elevation of| and Relation (b) of the Rocks upon 
varying deposits bears directly upon the! Practical Works.——The rocks which 
flow of surface water from one area to| form the surface of the earth, whatever 
another; therefore it affects the land| their nature may be in any particular 
springs, and the dryness or dampness of | locality, of course form the base of all 
any given locality. This leads to the engineering and architectural works. 
more extensive and intricate question of ‘The same remark applies equally to 
relative permeability, upon which depend | mining and well-boring operations, and 
the all-important points of the power of | to agricultural pursuits; the rocks must 
absorption of water by the beds, and the | exercise over them all a permanent in- 
nature and origin of deep-seated springs. fluence, of necessity greatly conducive 
These points ‘influence not merely the | either to their success or to their failure ; 
supply to artesian wells, but the liability | and this not only by their inherent prop- 
to landslips, and the varying pressures |erties or peculiarities, but also, as we 
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have seen, by the relations which they 
bear towards one another. These rela- 
tions, and the broader characteristics of 
the strata, have been briefly mentioned 
above—a and 6—and are more fully de- 
scribed further on. The ways in which 
their influence is exercised may be here 
enumerated, as indicating the necessity 
for all available geological information 
being secured, and calculations based 
thereupon, before works of any import- 
ance are commenced or even designed. 
This influence is’ exerted in two distinct 
ways, (a) Through the nature of the 
rocks; (6) Through their relation; but 
the two, although distinct, are sometimes 
blended, and always so intimately as- 
sociated that a partial separation can 
only be attempted. 

(a) The trial-holes usually made before 
the commencement of railways, and other 
engineering works, expose the kinds of 
rock near to the surface along a given 
line, or over a given area. But these 
holes, by themselves, afford no indication 
of the thickness of any deposit, and in 
this respect may actually mislead, unless 
other conditions be ascertained; a knowl- 
edge of which points may, however, be 
derived from the trial-holes, when once 
the method of utilizing their indications 
be understood. For instance, a line of 
such holes over a hill may be, almost 
without exception, in clay, one or per- 
haps two of them on the flank of the hill 
being sunk in a hard rock. The pre- 
sumption would probably be that a cut- 
ting made through this hill must pass 
entirely through clay, except where the 
hard rock was exposed ; the reality, that 
nearly the whole of the work has to be 
carried on through the harder stratum at 
a great additional cost. For the edge 
only of the bed was touched by the one 
or two holes where it comes to the sur- 
face, with a narrow outcrop, along the 
steepest part of the hill. This sort of 
thing has repeatedly happened, and more 
frequently still, a bed of gravel or sand, 
only a few feet in thickness, but spread 
over an extended area, or on the slope of 
a hill, has led to the conclusion that the 
whole of the cutting would be, as all the 
trial-holes were, in sand or gravel. It 
may turn out to be hard and intractable 
rock, removable only by blasting opera- 
tions, but covered with gravel just thick 
enough to reach below the few feet 


exposed in the trial holes. Or the con- 
verse may be the case; the engineer 
unacquainted with geological methods, 
feels sure, from his trial holes, that he 
will obtain from such and such a cutting, 
building-stone sufficient for all the 
bridges, or gravel enough to ballast the 
line; but as the work progresses, and 
the deeper strata come into view, he 
meets with serious disappointment. 
These instances, selected from many, are 
sufficient to show the necessity for the 
nature of the rocks being ascertained, not 
merely at the surface, but to a depth 
below, certainly not less than that of the 
deepest cuttings. 

If such information be necessary for 
cuttings, it is much more required for 
tunnelling through the rocks, where the 
work is far more costly, and where, con- 
sequently, much greater saving may be 
effected by a previous knowledge of what 
strata will, or will not, be passed through 
in any line at a given level. Yet here 
the indications from trial holes must be 
still more meager seeing that tunnels are 
seldom made except where the hills are 
too lofty to be passed through by open 
cuttings, therefore through strata at a 
greater distance from the surface. But 
the evidence so obtained, if treated by 
geological methods, may be made equally 
reliable, and in proportion far more val- 
uable. Many tunnels have been made 
in places which would have been avoided 
had the geological phenomena been pre- 
viously ascertained; others where, by di- 
verting the line a short distance to one 
side or the other, they might have been 
made with a saving of more than half the 
cost of construction. 

The nature of the rocks to be passed 
through in tunnels or cuttings affects 
also the calculations for the necessary 
slopes, and consequent widths, of em- 
bankments. For main-drainage works, 
trial holes afford ample information re- 
garding the kind of strata along which 
the sewers are to be laid, but not as to 
their relation—a much more important 
point in this particular class of work, and 
one which is again referred to further on. 
The remark is applicable also to excava- 
tions for docks, foundations for dock 
walls and sills, water towers, and similar 
works. The evidences of the solidity of 
the rock, its liability to slip, or to squeeze 
outwards under pressure, being obtaina- 
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ble from trial holes and borings, need 
not here be considered. 

In many cases the nature of the rock 
upon which bridges or culverts are to 
be built can be very well ascertained by 
trial holes; but not by any means in all. 

For it happens that many of the 
largest and most important structures, 
such as bridges and viaducts, are re- 
quired in the lower-lying parts of a 
district, that is, in its valleys; and here 
the evidence thus obtained is apt to be 
misleading. The smaller valleys are, in 
places, filled to a depth of many feet 
with a wash from the neighboring hills, 
composed perhaps of sand or clay; 
which wash so closely resembles the 
rock whence it has been derived, that it 
is, except to the experienced eye, a part 
of, and continuous with, the rock of 
which the high ground consists. But 
beneath this wash there may be a treach- 
erous bed of peat, or even of quicksand, 
the evil influence of which is perhaps 
only discovered when the new structure 
is sufficiently advanced for its weight to 
cause an ugly settlement. In such 
places, it may be urged, borings are 
resorted to rather than trial holes; even 
where such is the case similar results 
may occur, should the misleading charac- 
ters be repeated. And it often does hap- 
pen that in alluvial flats there is a great 
number of rapidly alternating ancient 
river deposits, which may consist of peat, 
silt, gravel, sand, or clay. The solid sub- 
stratum may not be reached perhaps for 
fifty, sixty, or even a hundred feet. if the 
spot in question be situated over an old 
course of the river, sometimes a long 
way from its present channel, and of 
which there is nothing on the marshy 
plain to indicate the existence. 

A very important matter, in regard to 
the cost of construction in all engineer- 
ing and building works, is the material 
which the rocks of the neighborhood will 
afford, and this of course varies accord- 
ing to the nature of the rocks them-| 
selves. The local quarries, lime-kilns, 
brick-yards, &c., will almost certainly be| 
on the outcrop of beds most prolific in | 
building materials. But a geological | 
knowledge is nevertheless requisite to | 
guide the engineer in laying out his | 
works so that they may strike “the more| 
valuable strata to the best advantage. | 
Building material is frequently brought | 











, 
long distances, when that which is as 


good, or even better, occurs—but per- 
haps hidden by a few feet of drift—in 
the vicinity, and, it may be, in abund- 
ance. A railway cutting or a tunnel may 
be judiciously set out so as to follow 
exactly the course of a useful stratum, 
even to a considerable depth from the 
surface, probably to rail-level. On the 
other hand, it may be planned so as to 
miss the bed, except just at the surface, 
or possibly altogether; for the point 
depends upon the direction of the dip of 
the stratum, its consequent strike, and 
the actual amount of its inclination. 

The drift gravels occur in a more 
irregular manner than any other series 
of deposits, but if they be previously 
mapped, and the work be designed 
accordingly, a great saving may be 
effected; the labor of excavating a cut- 
ting, for instance, may perhaps be made 
to yield the additional result of affording 
ballast or road metalling. The extent 
and thickness of the gravels must be 
ascertained, also their mode of occur- 
rence, whether as capping a ridge, filling 
an old channel, or resting on the sloping 
flank of a hill. Where gravels are scarce, 
or altogether absent, ballast may be 
obtained from the more solid rocks, 
broken up small for that purpose, and in 
some districts these are sufficiently 
plentiful. Even in many thick deposits 
of clay there are found occasional beds 
of hard septaria, or thin bands of lime- 
stone, suitable for the purpose; the line 
of these, when their outcrop has been 
traced, may frequently be followed with 
advantage. 

Nearly, if not quite all the geological 
formations, yield some one or more forms 
of building material, and many consist 
almost entirely of rocks that can be util- 
ized in construction. The varieties and 
qualities are numerous, but nearly all fall 
under the general terms limestone, sand- 


| stone, and brick-earth, and under these 


headings they will be dealt with further 
on, with reference to typical localities. 
But viewing the deposits on a large 
scale, one or two points may be noted 
‘that are worthy of remembrance. There 
are many series of strata which, being 
‘either all limestones, or all sandstones, 
or a mixture of both, with perhaps inter- 
vening clays, are grouped under some 
|comprehensive term. These general in- 
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clusive denominations are convenient| spheric disintegration of the surface of 
rather than strictly accurate; as in-|the strata which form the base or sub- 
stances may be mentioned the Lower|soil. It has been increased in depth and 
Oolite limestone and the Caradoc sand-| somewhat modified, but its constituents 
stone. In every series there are some| have not been materially altered, by the 
beds of more especial value for particular | annual growth and decay of vegetable 
purposes than others above and below| matter. The process has been assisted 
them, although the difference may not/ by the apparently trifling, but still cease- 
be at once apparent. There are beds/less action of earth worms working into 
also which for building works should be|and turning up the subsoil, thus con- 
scrupulously avoided, in consequence of|stantly adding new material of similar 
being liable to crumble on exposure, or| character. It is evident that the nature 
possessing some other detrimental pecu-| of the soils of any district must therefore 
liarity of composition. As beds vary| vary as the subsoils or strata from which 
rapidly, that one which is good in every| they have been derived, and in a corre- 
respect in one district being worthless in | sponding degree; and that the geology of 
another, no general description can accu-|a place being known, the subsoils and 
rately apply to all localities; therefore | soils are equally understood. A base of 
these matters should receive careful and| gravel or sand produces a light soil, 
local investigation. abounding in silica, that substance not 
The minerals and metals which occur} unfrequently forming four-fifths of its 
so abundantly in these islands, and the| whole weight. This will vary from a fine 
cost of mining for them, are also de-|sandy mold toa stony soil, as the par- 
pendent directly upon the nature of the| ticles of the rock beneath are fine and 
rocks with which they are associated,| uniform in size, or coarse and irregular. 
and the conditions by which those rocks| Clay gives rise to a stiff, heavy, and 
have been affected since their deposition.| sometimes tenacious soil, containing 
In the most important instances they|from 10 to 30 per cent. of alumina, and 
exist as an integral part of the forma-| varying in quality perhaps more than 
tions in which they are found, as coal,| any other kind, but being as a rule more 
ironstones, &c., but these are not, strictly | productive. Limestones produce light 
speaking, either minerals or metals.| soils, variable, and sometimes full of 
Pure minerals and native metals are! detached lumps of the rock, but generally 
comparatively rare, but the terms are yielding good returns for high cultiva- 
conveniently, if somewhat loosely, ex-| tion. 
tended to include rock-masses, or por-| There are certain natural causes which 
tions of rock-masses, of which certain | modify, to some extent, the normal char- 
mineral matters, or metallic ores, form!acters of the soils thus derived from 
a characteristic part. The “minerals” | suberial disintegration of the rocks of a 
and “metals” included in the terms/ locality. The result of the influence ex- 
thus qualified will be spoken of in/|erted by these causes may not be exten- 
another place, and for all practical pur-|sive, but they are locally important. 
poses they may be treated in the same / First the rain-wash, which removes the 
way as any other of the rocks in which lighter particles of the rocks from higher 
they are enclosed, or with which they are|to lower ground. In a flat country, the 
interstratified. Their existence in any | effects of this action are not very per- 
given area can be ascertained in a similar | ceptible, but where the surface is broken 
manner, their outcrop surveyed, their ex- by hills and small valleys, accumulations 
tent determined, and their value approx-| of this material may often be seen several 
imately estimated. ‘feet in thickness. Then, where the 
Agricultural pursuits are affected, to a|downward progress of rain-wash has 
degree, much greater than is perhaps|been arrested by a wall or fence on a 
generally understood, by the nature of | hill-side, the result is, after a time, very 
the solid rocks beneath the surface soil,| evident, in the ground being unduly 
on which the success of farming opera-| higher on the upper side. Again, the 
tions is admitted to depend. For all) growth of peat and the accumulation of 
soil, or mold, has been produced, during | marsh-clay are agencies which give rise 
the lapse of many years, by the atmo-|to soils very different from what they 
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would otherwise have been at the spots | strata that now throw out springs would, 
beneath such influences. The proportion |if occurring at a different level, act as 
of decaying vegetable matter, so useful a|the channels for draining water away 
constituent generally, is in peat so ex-|from the surface to the interior, to be 
cessive as to render the soil almost |afterwards thrown out elsewhere. And 
worthless for purposes of cultivation. |it sometimes happens that the subsoils, 
The soil of which a marshy plain is com-|or underlying strata, may be by some 
posed is due to the rocks somewhat fur-| artificial aid, made available for purposes 
ther up the valley, the particles having | | of drainage where they would not so act 
been brought down in suspension by the | without that assistance. In other words, 
waters and deposited, thus forming a/a plan of combined natural and artificial 
flat, when the stream has at times over- | drainage can sometimes be easily carried 
flowed its banks. Further, where two|out, where a natural system does not 
indifferent soils meet, which have been | exist, and where an entirely artificial 
formed from decomposition of contiguous |scheme can be adopted only with very 
rocks, that which occurs along the line | considerable trouble and expense. 

of junction is generally found to be of| Although the last few years have wit- 
better quality, owing to admixture. | nessed a great, and, on the whole, bene- 
Some soils are rich in fattening proper-| ficial change in the methods of disposal 
ties and excellent for grazing, but through | of town-sewage, the difficult problem is 
want of lime, without which no bone can | still far from being solved. In many 
be formed, young stock do not thrive|cases plans of irrigation have been 
upon their produce. The deficiency can | adopted, and these are always affected by 


often be supplied ata small cost, and the | the nature of the rocks upon which the 


value of the land be thereby much en-| sewage farms are situated. Opinion is 
hanced; this is frequently the case in low | greatly divided, not only as to the re- 
marshy situations. Other soils, having | spective merits of the methods of precipi- 
had much of their productive properties | tation and irrigation, but also, when the 
removed by excessive croppings, may be | latter plan is in question, regarding the 


considerably renovated by a surface dress-| kind of soil best suited to the purpose. 
ing of the parent subsoil. The same ob-| Doubtless much may be said on behalf 
ject may be effected by deeper ploughing, | | | both of the light and heavy soils, of the 
the subsoil being of course gradually in-| gravels and the clays, but a point that 
corporated with the surface mould. But} should not be lost sight of is the ulti- 
for this and similar operations, certain| mate disposition of the water holding 
particulars must be obtained, or the labor | sewage particles in solution and suspen- 
so expended will perhaps have been/sion. A heavy soil will frequently yield 
thrown away. These are the chemical|enormous crops when judiciously irri- 
composition of the subsoil, and the con-| gated and in favorable seasons, but be- 
stituents required to be added to the| yond the mechanical deposition of its 
soil itself; details which are readily ob-| suspended particles, the water is not 
tainable through a small expenditure of| clarified; it runs off the land almost as 
time or money by chemical, but not/chemically impure as when pumped or 
necessarily quantitative, analysis. | discharged from the reservoir. Very 

As the subsoil varies, so does the little of the liquid percolates down into 
necessity for draining the land, and the|a typical clay, and the benefit derived 
facility with which the operation can be| by the crops seems to be mainly owing 
performed. Land-drainage, as ordinarily | to the moistening of the surface when it 
understood, is a simple matter, but there | would.otherwise be dry and parched. It 
are some geological considerations re- is probable that pure water would have 
specting it to which attention may be) almost as good an effect as liquid sewage 
briefly directed. As the strata affect the| upon heavy land. Light soils, on the 
soils and sub-soils, so they must of neces-| other hand, absorb and, for a while, re- 
sity exert an influence upon the natural | tain a great deal of the moisture, giving 
drainage, and upon the means best| it out again to the crops in a more equa- 
adapted to that of an artificial character. ble manner; they may yield less produce, 
The springs of one locality being but the| but this is, in some measure, through 
natural outlet of water from another, the| their containing within themselves a 
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smaller quantity of the elements of fer- 
tility. It seems reasonable to suppose 
that as the liquid is considerably filtered 
by its passage over or through sandy 
soils, the ingredients removed from it are 
ready for absorption by vegetation. A 


light soil, owing to its permeability, will | 


at all times take more sewage liquid, 
acre for acre, than a heavy one, and in 
some seasons—during a period of floods, 
for example—this property may prove of 
great advantage. But considering the 
phenomenon referred to in connection 


with land drainage, that the springs of | 


one part are but the drainage of another, 
it is questionable how far we are justified 
in saturating the sands of any locality 
with tainted water. 

There are, of course, such soils as loam, 
intermediate between sand and clay, 
combining the characters of both in pro- 
portion to the quantity of each which oc- 
curs in their composition; and this kind 
of soil may ultimately be found the best 
for sewage irrigation. Or, what is more 
probable, an area partly on impervious 
clay and partly on pervious sand or 
gravel will offer the greatest advantages. 
For in addition to being somewhat more 
independent of the seasons, farms so 
situated would admit of the water, after 
running over the clay and there deposit- 
ing its suspended matter, passing, by 
gravitation if possible on to the pervious 
beds. In its passage over or through 
these it would be more or less filtered, 
and the effluent water thus rendered, 
perhaps, sufficiently pure to be allowed 
to flow into a stream or river with im- 
punity. 

It has been shown that the “minerals” 
and “metals” for which mining is carried 
on depend upon the nature of the rocks 
with which they are associated. Upon 
this depends also in a great measure the 


kindand the cost of preliminary borings, of | 


the main shafts or pits, and of the actual 
mining operations; but much more are 
these influenced by the relation of the 
rocks in and beneath which these are 
performed. For instance, “in no respect 
do collieries differ more from each other 
than in the quantities of water which 
they encounter, either in the mining or 
in the subsequent working of their 
mineral. In- one case a retentive clay 
cover may prevent the access of surface 
water which in another may pass in 


‘abundance through a sandy or a gravel 


alluvium. In certain districts water- 
bearing measures of an almost fluid con- 
sistency must be passed through, whilst 
in others the comparatively tight coal 
measures may at once be entered. Fre- 
quently the strata above and below the 
coal are so compact as to render the 
workings actually too dusty and dry; 
but instances are common enough in 
which water makes its way through the 
roof stone, or through the coal itself, 
and adds difficulties and expense to the 
whole of the operations. When the 
measures through which the pit is sunk 
consist of stony rock, they are often 
allowed to stand open, but when shales 
preponderate it has to be walled with 
brick or stone, to which in some cases, 
as against the influx of water, wood or 
cast iron may be preferred. But when 
the measures are covered by other and 
more absorbent strata, saturated with 
water, the winning of a colliery becomes 
a most serious undertaking, tasking the 
energies of the best men, and sometimes 
collapsing after a ruinous outlay. Ex- 
amples of these difficulties are afforded 
by surface beds of sand and gravel, and 
by the well-known red sand under the 
Magnesian Limestone. One of the most 
serious questions to be solved by the 
coal-viewer in the very outset is the 
system by which he means to work his 
mineral; and in order to form a judg- 
ment upon this head it is important that 
he should not only be acquainted with 
the various modes in use elsewhere, but 
should have acquired a knowledge of the 
peculiarities of the seams in his own dis- 
trict. Where the beds have a definite 
dip in one direction, the working pits 
are usually placed as far towards the 
deep as it is convenient to go, so that 
underground the coal may be brought 
down hill to the pit-bottom. Should the 
strata lie in a trough, the pits may ad. 
vantageously be placed in its middle 
line, so as to command the coal on both 
sides."—See “Coal and Coal Mining,” 
Smyth, 1872. 

The relation of two or more rocks to 
each other may also affect engineering 
works even to a greater degree than the 
actual quality of the rocks on which such 
works are situated. This relation con- 
sists in their respective dips, their posi- 
tion in regard to each other, their 
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various qualities of permeability, and so 
on. In nothing is it more evident than 
in railway works that the relation of two 
beds—to take a simple case—differing 
from each other in kind, but the same in 
dip, may be such as to increase the cost 
of any work upon them, if risk to its 
stability is to be avoided. Let us sup- 
pose a railway cutting of moderate depth 
to traverse two beds of different charac- 
ter, one a water-bearing sand resting 
evenly upon a tenacious clay, both dip- 
ping at an angle of 3 deg. The slope on 
the higher side of the cutting will be 
scored by a series of weeping springs 
along the line of junction, which will 
surely, although perhaps slowly, cause 
serious slips unless means be taken for 
their prevention. Should the dip lie in 
the same direction as the fall of the 
ground—which is, however, unusual— 
the flow of water will be quicker at some 
times than at others, perhaps intermit- 
tent. Any structures, such as bridges 
over the cutting, must then have their 
footings well down into the clay, not on 
it, for its surface, even many feet from 
the ground-level and under an equal 
thickness of solid-looking rock, would be 
absolutely unsafe as a foundation. If 
the above simple instance demands pre- 
cautionary measures, much more must 
the frequently intricate relations of the 
rocks receive careful consideration. The 
beds may dip rapidly, the water-bearing 
strata may be numerous, and the geolog- 
ical structure may be complicated by 
faults or by local unconformity. 

In tunneling, a previous knowledge of 
the relations of strata to each other is 
still more desirable; indeed, it would be 
impossible to insist too strongly on the 
necessity for all geological details being 
known in regard to a hill to be pierced 
in that manner. Not only might the 
style of working be varied, but the form 
or strength of the tunnel itself might 
perhaps be altered with advantage, to 
suit either the varying pressure or the 
peculiarities of rocks known to occur in 
the center, different to those exposed in 
the cuttings at either end. Even the 
gradients might require to be modified 
according to the existence or non-exist- 
ence of faults or of springs in the body 
of the hill, which if not previously 
detected would be discovered when too 
late to make any alteration. If the sur- 


face of a hill be carefully examined, the 
boundary lines of the beds of which it is 
composed be accurately surveyed, their 
dip ascertained, and the lines of all faults 
laid down, the position of the rocks with- 
in the hill—and consequently the points 
at which they will be met with—cari be 
accurately determined. Even when the 
all-important point of the amount of dip 
cannot be obtained from actual sections, 
it can be worked out—by a method to be 
hereafter explained—from the bounda- 
ries, or other definite lines, if these have 
been laid down on the plan with preci- 
sion. The highest of the beds in a series 
passed through by a tunnel generally 
occur near the center of the hill, unless 
they are inclined in one direction only. 
This is owing not merely to the fact of 
the rail level rising from each end to- 
wards the interior, but to a well-known 
geological phenomenon. As a general 
rule beds dip from each side into a hill 
or ridge; the statement being limited to 
hills and ridges as such, and not to 
include escarpments. Therefore, as the 
tunnel proceeds, beds are pierced higher 
and higher in the series, until the upper- 
most of all met with is somewhere near 
the middle. 

Banks.—At first sight the relation of 
the rocks beneath the surface may not 
seem to have any direct bearing upon 
railway embankments, and similar artifi- 
cial accumulations of material. But 
there are ways in which it does now and 
then greatly affect the cost of such 
works, and, what is equally important, 
that of bridges and culverts erected 
beneath them. A line of railway does 
not usually run in the direction of dip of 
the strata, but rather at right angles 
thereto, nearer to that of the strike of 
the beds, as it follows the contour of the 
country. The dip, whether great or 
small, therefore is generally away from 
the railway, either to the right hand or 
to the left as the case may be. If it be 
of any amount, say exceeding 5 deg., the 
bank, when it attains to any height, will 
be very likely to force the beds beneath 
it over each other along the planes of 
bedding, and thus give rise to slips, 
sometimes of great extent and involving 
much loss of material. These slips are 
usually sudden and liable to repetition, 
causing great expenditure for piling and 
other preventive measures. But if the 
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liability to slip, owing to the dip of the 
beds—which usually are, in such cases, 
alternating clays and dis-similar deposits 
—be previously entertained, it may be 


minimised by “running the tip ahead,” | 


and working backwards with the bulk of 
the material. Sometimes lines of rail- 


way follow the direction of dip for a) 


short distance; if this be into the hill 
whence the material comes, there is no 
risk of slipping, but it is occasionally the 
other way, when slips are sure to occur. 
If these slips be quite forward they are 
sometimes of slight consequence, as the 
bank is then advancing in the right 
direction. But should any bridge or 
culvert have been built in their path, 
ready for backing up, the consequences 
may be, and frequently are, serious, for 
such structures are then almost sure to 
be oxerthrown, unless the bulk of the 
work. be done in the backward manner 
mentioned above. 

The preceding remarks apply equally 
to the construction of water reservoirs 
and canals, but it may be added, in 
regard to them, that the geological 
structure of a country must greatly 
affect the supply of water to canal-feed- 
ers and its retention in natural reser- 
voirs. The “head” of water that can be 
maintained in such places, generally 
secured by a dam across some minor 
valley, and supplemented by pumping, is 
limited by the springs which may occur 
within its area; not by the amount they 
are capable of yielding, but through 
other phenomena yet to be described, 
which may, and frequently do, render 
utterly useless large expenditure for 
pumping. The attempt is, in fact, made 
to obtain a head of water which the geo- 
logical conditions, left to themselves, 


make absolutely impossible; therefore, if | 


these be understood, and measures taken 
accordingly, much cost and _ useless 
trouble may often be saved. 

A smaller, but not unimportant matter, 
is the difficulty sometimes experienced in 
carrying out main-drainage works, owing 
to the surface springs and others tapped 
by the excavations. Several instances 
have occurred where, owing to the quan- 
tity of water thus met with, the plans, 
after commencement, have had to be 
altered, at great disadvantage; others, 
also, in which the pipes have been, 
through this difficulty, improperly laid, 





|or have afterwards settled in the sands, 
'so that the joints have ever after been 


‘imperfect. In consequence, they have 
admitted the spring waters, thus adding 
several hundred pounds a year to the 
cost of pumping, besides deteriorating 
the value of the sewage for irrigation or 
precipitation. These results have hap- 
pened, in some cases beyond hope of 
remedy, not because the geological 
details, including a knowledge of the 
springs, could not have been ascertained 
in time, but simply because they have 
been ignored. With the remedy for 
such a state of things, where one is 
practicable, we shall deal in a succeeding 
impression, but it must always be adopted 
within certain limitations, and indeed, 
should only be allowed under official 
supervision. 

One observation may be made with 
regard to foundations, whether of dock 
works, bridges, or buildings; it is that 
however solid the stratum may apparent- 
ly be in which the excavations are made 
for foundations, the calculations as to 
stability are incomplete and liable to 
error—as the works are to unforeseen 
catastrophe—unless all the relations as 
well as the nature of the rocks beneath 
have been ascertained and taken into 
consideration. 

An improvement in the water supply 
of a district is one of the practical 
results that may be expected to arise 
from the working out of its geological 
structure—that is, from the knowledge 
of its rocks and of their relation to each 
other. The supply of water in any given 
locality is not by any means proportion- 
ate to its rainfall; for the widely-spread 
water-bearing beds are great distrib- 
utors, and by them it is to a great 
extent equalized. The supply to be ob- 
tained by boring down to deep-seated 
springs is practically inexhaustible, being 
searcely, if at all, affected by drought, 
and these springs form the only source 
on which can be placed a full reliance. 
The phenomena of springs, and of the 
sources of supply to artesian wells, both 
of which are practically important, ‘are 
entirely dependent on _ stratigraphical 
and physical features. An explanation 
of them will be given, as well as of the 
reason why sometimes salt waters occur 
far inland, and fresh water springs 
beneath the sea; why some waters are 
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chemically pure, whilst others are satu- 
rated with mineral salts. 

Another point affected by similar con- 
ditions is the dampness of a locality, 
which sometimes renders almost unin- 
habitable what would otherwise be a 
desirable and healthy situation. 
may arise either from the physical con- 
ditions of elevation, situation, rainfall, 


and so on, or from those of a purely geo- | 


logical nature. It is frequently owing to 


the saturated condition of the water-| 
bearing beds immediately beneath, and | 


probably close to the surface; in other 


words, by the proximity to the ground | 


level of the general water line of the dis- 
trict. This is a question that should 
influence the choice of situation for all 
public buildings, and, indeed, for private 
houses also, where circumstances are 
such as to admit of selection. This will 
be fully considered in an article on the 
subject of “Sites,” as one which merits, 
but seldom receives, much attention. 

A knowledge of the undoubted relation 
existing between subsoil and disease 
must also be beneficial to those who are 


seeking for themselves a new home. The | 


whole question cannot be entered on 
here, but the results of certain official 
inquries into one branch of the subject 


are appended. In the “Report of the 


This 


| Medical Officer of the Privy Council,” for 
| 1867, pp. 14-17, and 57-110, is discussed, 
from several points of view, the interest- 
ing question of the connection between 
the geological structure and the con- 
sumption death-rate of a district. After 
careful consideration of all the facts and 
| statistics adduced, the following sugges- 
tive and valuable conclusions were arrived 
at, and may be considered as fairly well 
established. (a) That on pervious soils 
there is less consumption than on imper- 
‘vious soils. (4) That on high-lying 
pervious soils there is less consumption 
than on low-lying pervious soils. (c) 
That on sloping impervious soils there is 
less consumption than on flat impervious 
soils. (d) These inferences must be put 
along with the other fact, that artificial 
removal of subsoil water, alone, of vari- 
ous sanitary works, has largely decreased 
consumption. From which follows the 
general inference, that wetness of soil is 
a great cause of consumption. If this 
one disease can be so influenced that its 
ravages in a district may be, as they have 
been, lessened one half by a simple drain- 
ing of the land, it may reasonably be as- 
sumed, that the power of other diseases 
also is more or less dependent on certain 
| physical conditions, which are susceptible 
of natural or artificial modification. 





ENGINEERING AND ART. 
By Mr. CHARLES H. DRIVER, F.R.I.B.A. 


From ‘‘ The Builder.” 


“ENGINEERING,” as the word is com- 


| bridge-building, canals, docks, harbors, 


monly understood, may be considered to | waterworks, drainage, mines, &c., and all 
be the science of “ construction,” and an|the other works which may be ‘classed 
engineer is likewise understood to be| under the head of railway, hydraulic, and 
one who practically applies the theory | mining engineering; whilst the second is 
and science of construction to the every-| principally connected with the manu- 
day wants and requirements of our lives. | facture and use of machinery, the work- 

“Engineering” is a very comprehen-| ing of metals, the construction of railway 
sive word, including, rather widely, all| plant, steamships, guns, armor, plates, 
matters relating to the formation of|&c. In works of the first-class the “ con- 
roads, bridges, canals, docks, harbors, | tractor” plays an important part, as it is 
lighthouses, mines, drainage, waterworks, | he who executes the work from the de- 
sewers, fortifications, building, machinery | signs of the engineer, and on his ability 
in general, &. Properly speaking, en-|and good management the success of 
gineering is divided into two classes,|many undertakings very materially de- 
viz., civil and mechanical engineering.| pends. In the second class, however, 
In the first are comprised road-making,|the case is somewhat different, as the 
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mechanical engineer is very generally 
both designer and executant of the work 
he undertakes. Thus much for the en- 
gineering of the present day, which may 
be said to have taken its stand, as a dis- 
tinct profession in England, about the 
middle of the last century, and has since, 
by its varied achievements, done so much 
for the world at large,—much for com- 
fort, much for luxury, much for wealth, 
but little, alas! for “art.” All must ad- 
mire the wondrous powers cf such magi- 
cians as Watt, Telford, the Stephensons, 
Brunel, &c., and all will admit that they 
and their works have wrought an enor- 
mous amount of good; yet we must ad- 
mit that though their works contain a 
vast amount of the wtile, they have little 
of the dulce about them. Such, however, 
was not the case with the engineers of 
antiquity, who not only constructed 
works of pure utility, such as the harbors 
of the Phenicians and of ancient Greece, 
the bridges of boats make by Xerxes to 
transport his army into Europe, the 
canal across the isthmus of the peninsula 
of Mount Athos, the aqueducts, roads, 
and bridges of ancient Rome, but they 
constructed, or assisted in the construc- 
tion of works which are now looked upon 
as the triumphs of art (architecturally), 
such as the temples and pyramids of 
ancient Egypt, the Palaces of Nineveh, 
the splendid buildings of Greece and 
Rome, and in latter times the glorious 
cathedrals of Europe and of our own 
country. 

“Art” is the result of the endeavor of 
the human mind to achieve the perfection 
of beauty, whether it be in form, color, 
or sound, and, like engineering, it is uni- 
versal; but, unlike engineering, it is 
strictly confined to man, and is the re- 
sult of that power of selection that man, 
of all animals, alone possesses. Many 
animals, birds, and insects execute work 
which rivals and excels the best and most 
delicate work of man, but which, although 
artistic in result as to form or color, is 
not art in itself, and birds or insects 
cannot be credited with “art,” as they 


only follow a line of action they have no) 


will or power to alter. The word “art,” 


as generally understood, is applied to all | 


such matters as music, painting, sculpt 
ure, architecture, medicine, agriculture, 
&c., and may be divided into two classes, 
—viz., “fine art” and “useful art.” 


Music, | 


painting, sculpture, architecture, &c., are 
specifically termed fine art. Medicine, 
agriculture, &c., belong to useful art. It 
is difficult, however, to define exactly 
where “ fine art” ends and “useful art” 
begins, the two being, as they ought to 
be, so closely united. “Art,” in the ab- 
stract, may be considered to be that 
which gives pleasure to the purely mental 
faculties as opposed to the purely animal 
passions. In this sense we view and ac- 
cept the mental pleasures afforded to us 
by music, painting, sculpture, or litera- 
ture, in contrast to the bodily pleasure 
we obtain by warmth or ccolness, eating 
and drinking, rest, &c. 

Again, the pleasures afforded by art are 
not confined to individuals or nations, 
but are universal, whilst those which are 
corporeal are for the most part personal 
and selfish. The beauties of nature, such 
as are seen in fine landscapes, glowing 
sunsets, the flowers, the songs of birds, 
&ec., yield pleasure to all, and of them 
there is no monopoly, and therefore they 
belong, in the truest sense, to art; and it 
is in this sense, and with this aim, viz., 
that of giving the greatest amount of 
pleasure to all, that the painter, the poet, 
the musician, and the architect should 
work. The mental pleasures which are 
embodied in the word “art” reach us 
chiefly through the eye and ear, the 
organs of smelling, tasting, and feeling 
ministering more to our bodily pleasures> 
Of the two which we may call the artistic 
senses, viz., seeing and hearing, the one 
which now concerns us at present is that 
of “seeing,” for it is by means of sight 
that we learn to appreciate those attri- 
butes of “art” that are most nearly con- 
nected with works of construction, viz., 
“sublimity,” beauty, grace, harmony, 
picturesqueness, proportion, order, and 
fitness; as, for example, the agreeable 
effect designated by “fitness” is an 
artistic pleasure which may be called the 
zesthetic of the useful; as, when a work 
is not only done effectually, but done 
with the appearance of ease, or the total 
absence of restraint, difficulty, and pain, 
we experience a delight quite different 
from the mere satisfaction growing out 
of the end obtained. Much of the pleas 
ure of architectural support is referable 
to this source. Among the pleasures 
that are afforded by artistic arrange- 
ments may be noticed the sense of “ unity 
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in multitude” arising when a great num-| 
ber of things are brought under a com- 
prehensive design, as when a row of pil- 
lars is crowned by a pediment. The use 
of simple figures,—the triangle, circle, 
square, &c.,—for enclosing and arranging 
a host of individual parts has a tendency 
to make an easily apprehended whole out 
of a numerous host of particulars. In all 
large works abounding in detail, we crave 
for some such comprehensive plan where- 
by we may retain the total while survey- 
ing the parts. A building, a poem, a dis- 
sertation, or a speech should have a dis- 
cernible principle of order throughout, 
the discernment of which gives an artic- 
tic pleasure even to works of pure utility. 

Let us now proceed to consider my 
third point, viz., are engineering and art 
of service to each other, and can they be 
united? I think, perhaps, it will be as 
well to sub-divide the question by seeing, 
firstly, whether engineering and art are 
of service to each other; and, secondly, 
can they be united? Let us, then, begin 
by considering how art is benefited by 
engineering. Engineering benefits art 
when engineering is in itself good and 
right, and when it does not benefit art, 
it is because it has been wrongfully and 
improperly applied, and I must ask you 
to take this remark at what it is worth, 
for time will not permit me to go fully 
into the point; but, as an instance of the 
good that accrues to “art” from engi- 
neering, I may refer to printing, and its 
attendent belongings. How much does 
art owe to it? Truly, inthe days when 
printing was unknown, there were then, 
as now, poets and philosophers who ex- 
pressed their thoughts in poetic language, 
and chronicled in strong prose the ac-_ 
tions of their fellow men. But to how| 
limited a number was the pleasure that 
their works afforded confined, as com-| 
pared with the countless thousands who 
now delight in their genius? Then every 
copy had to be painfully transcribed, 
each copy taking months, perhaps, to 
complete. Now, by the aid of engineer-| 
ing (machinery), hundreds of copies can | 
be supplied daily. Engraving, again, is 
an art that has greatly benefited by en-| 
gineering science; for when it was, as it| 
used to be, confined to copper plates, | 
comparatively few copies could be pro-| 
duced. The copies thus produced were | 
necessarily so costly, that only the| 


‘think, very fallacious. 


wealthy could obtain them. Now, by 
using steel plates and the electrotype 
process, the copies are so multiplied, and 
thereby cheapened, that they are within 
the reach of all. Engineering affords 
great facilities for reproducing beautiful 
form and material, as, for instance, in 
such matters as porcelain and glass ware, 
iron and bronze work, textile fabrics, &c., 
thereby affording pleasure to many. But 
it may be,—as it has been said,—that all 
this tends fo vulgarize art, and that ma- 
chinery produced articles, however beau- 
tiful, are not artistic, because they have 
been produced by machinery. This ar- 
gument (I speak with all deference) is, I 
If a vase or a cup 
is in itself artistic in design, and is good 
art, so are equally so the 20,000 copies 
of it, provided they are exact copies, such 
as machinery has the power of making. 
And, again, a gardener produces from a 
chance seed, or, by care in cultivation, a 
flower or plant that has some especial 
point of beauty, and for which he obtains 
a very large price. By-and-by, from cut- 
tings or other means of propagation, the 
plant or flower becomes common, and can 
be bought for as many pence as it cost 
pounds before. The plant or flower has 
not changed, it has just the same beauty 
as it ever had, but instead of pleasing 
only a few it pleases many. And it is on 
the ground that they give mental pleas- 


‘ure to many, that I claim for the multi- 


plied copies of an artistic original the 
right to be themselves considered artistic. 
Engineering itself, however, is not artis- 
tic, nor does it directly produce art, but 
it does disseminate it, and, therefore, en- 
gineers may very fairly be said to benefit 
art. 

But now let us consider how art re- 
ciprocates the benefits she receives from 
Engineering. In the earlier days of en- 


| gineering, art certainly was of great ser- 


vice to engineering by teaching those 
who practiced it to clothe their works 
with beauty; it taught them, when they 
wanted a vertical support, to give it a 
tapering form, to give the gentle swell 
of the entasis to the column, thus satis- 
fying the eye’s sense of beauty and grace; 
to build the temple, the palace, and the 
cathedral all with proper fitness, and all 
with beauty. Though engineering and 
art are, and have been, co-existent, art is 
the master, directing and guiding engi- 
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neering into the right paths; and while 
engineering acknowledges this master- 
ship of art all is well; but when, as is 
the case in these modern times, engineer- 


ing strives to obtain the mastery, the re- | 
Modern | 


sult is chaos as regards art. 
engineering no longer pays allegiance to 
art, and arrogantly considers that it can 
do quite well without it, and hence it is 
that we have gone on with an increasing | 
loss of beauty in the works of our modern 
engineering (this remark, however apply- | 


ing only to the civil, and not to the me-| 


chanical engineer). The modern engi- 
neer seems utterly to ignore beauty of 
form; if he has to use a vertical support, 
he will probably make it of the same 
thickness all the way up; if he wants a 
buttress, he will put a great lump of ma- 


sonry or brickwork in, without thought 


as to whether it will look ill or well, but 
calculated, I grant you, to do to an ounce | 
what it has to do. There is an immense | 


amount of thought in their work, but no | 


mind,—I mean in an artistic sense; and 
even the thought they give to their work 
is of a sordid kind; for while they study 
how to use their material economically, 
they omit at the same time to study how 


to make their work pleasing, thus leaving 


half their work undone. I admit that 


engineering possesses a strong point of | 


affinity to art in its truth, and by this I | 
mean the honest construction employed | 
by engineers in their work, never dis- 
guising or hiding it, but letting it be 
plainly visible to all; and there is a good 
honest purpose in what they do, and the | 
sentiment of reality and truth, as opposed | 
to fiction and falsehood, appealing as it | 
does to our practical urgencies, disposes 
us to assign a high value to every work 
in which truth is strongly aimed at, and | 


‘and want of regard for the feelings of 
others in many of the erections of late 
years,—the work of modern engineers. 
Consider how the Thames at London 
has been maltreated, and I ask you, as 
reasonable men, what right have we to 
inflict on ourselves and future genera- 
‘tions such awful examples of the selfish 
| disregard of all that is beatiful as have 
there been perpetrated? Our forefathers 
‘left us, their successors, works of beauty. 
What shall we leave our successors? 

What remedy is there for this? Can 
Engineering and art be united, and if so, 
how? My answer is, yes, and by means 
‘of Architecture; for though, as I have 
|said, Architecture is to be considered as 
the child of Engineering, yet it is through 
the graces of that child that we must hope 
to again reconcile and unite Art with en- 
\gineering. I say “again reconcile,” for 
‘in old days Art and. Engineering were 
‘united, and Architecture was their off. 
spring. We moderns have divorced 
'them; let us re-unite them. But how 
will Architecture unite the two? Engi- 
neering is the science of construction. 
|Architecture the art. Engineer is the 
‘hard matter-of-fact, uneducated man of 
business. Architect is the cultured and 
polished gentleman. Architecture is 
educated engineering. A man may be 
honest, bold, truthful, and business-like, 
but hard, selfish, and inconsiderate, with 
no knowledge or care for the beautiful. 
He is the modern engineer. Another 
may be honest, but timorous, uncertain, 
‘and unbusiness-like, kindly considerate 
with respect to the feelings of others, and 
with a great desire for the beautiful, 
| often failing from lack of power. He is 
the modern architect. 

Perhaps you will think I do not draw a 


to derive an additional satisfaction in | flattering picture of the representatives 
work in which fidelity of rendering is in-| and practisers of that art by which, as I 
duced upon the charms peculiar to art. | have already told you, art and engineer- 
But while we admit and admire the truth ing can be united. Well, that may be 
of the engineers’ work, and give them | true, but it is only true as regards the 
their due meed of praise for what they | modern architect, as my first picture is 
do, we must not forget at the same time|of the modern engineer. The modern 
to blame them, in that they leave so | architect is as the times, his own want of 
important a part of their work undone; | pluck, and the modern engineer have 
viz., the making of it artistic. To my/|made him; he, if I may say so, has been 
mind it is very nearly of equal import-| bounced and bullied out of his proper 
ance that a building, a bridge, or what-| position by the engineer; .and much that 
ever it may be, should be of good form | of late years has been done by engineers 
and pleasing to the eye, as to be strong. | should have been done, and would have 
There is an impertinence and brutality | been better done, by architects, if they 
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had but retained their proper position by 
keeping themselves abreast of the times. 
I have given you a figurative sketch of 
the modern engineer and the modern 
architect. I will give you one as to the 
past. Here we have a man who is honest, 
bold, and truthful, certain and business- 
like, with kindly regard for the feelings 
of others, an intense love and knowledge 
of the beautiful, with a desire that all 
should participate in the pleasures it 
affords, and having the will to do good 
work, has also the power to execute it; 
he is the architect and engineer of old, 
the architect and engineer being one. .. . 

The difference in the way an engineer 
and an architect would set about the 
same piece of work, if they had it to do, 
would, I think, be as follows, viz:—The 
engineer would begin by studying the 
purpose of the intended structure, then 
consider as to the best materials of which 
to erect it, and calculate to a nicety how 
little of each material he could use. If 
he wants a door, he puts in one; if he 
wants a window, a window is put in; but 
he never studies or thinks for one moment 
whether he can, by placing his door or 
window in some other position, improve 
the appearance without altering the util- 
ity of his work, and the result is, his 
work is as bald and ugly as possible. 
He then, perhaps, proceeds to what he 
calls “ornament” it, by sticking on here 
and there a moulding, which as likely as 
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not he places upside down, thus destroy- 
ing the only grace his work possesses, 
viz., truth; and then says, with satisfac- 
tion, “See what we engineers can do: we 
want no architects with styles and orders 
to teach us what to do.” On the other 
hand, the architect (I speak of the true 
architect) would first, ike the engineer, 
consider well the purpose of his intended 
building, and, like him, consider as to the 
best material to build with, and how best 
to use it. He also would place his doors 
and windows in their most useful posi- 
tions; but, in addition, he would, from 
the first commencement of his work, 
have in mental view before him a certain 
effect, which he would strive to produce, 
and thus, while so planning his building 
as best to suit the requirements of the 
work, he at the same time makes it pleas- 
ing and artistic; and when the work is 
finished, it needs not the extraneous aid 
of moulding or applied ornament, for all 
that is wanted in that way forms part of 
the structure itself. It is common to 
find engineers twitting architects with 
their want of knowledge of scientific 
construction; but I think I can safely 
say of architects that they, as a body, 
have a far greater knowledge of practical 
engineering than engineers have of archi- 
tecture,—as their works show,—the 
architect's failures in “construction” 
being as nothing to the engineer's fail- 
ures in “art.” 
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In considering these questions it is 
important that we should have clear 
ideas—first, as to what is pure air; 
secondly, for comparison, what altera- 
tion in the constituent parts of air would 
make it incapable of supporting life 
(say, for instance, air in which a candle 
could not burn); and, thirdly, between 
this wide gulf, what may be termed 
impure or unhealthy air. 

Air is composed principally of a mix- 
ture of two gases, oxygen and nitrogen, 





in the proportion of about 21 volumes 
of the former, and 79 volumes of the 
latter. -Oxygen is the constituent which 
supports life and combustion ; nitrogen 
is an inert gas, which was doubtless 
intended by the Creator to dilute the 
active, or life-and-combustion sustaining- 
gas, oxygen. 


The following may be regarded as an 
analysis of the purest air which can be 
obtained : 
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Per cent. by volume. 
20.999 


Oxygen 
77. = 


Nitrogen 
Carbonic acid gas ............ 
Water vapor 


100.000 


Dr. Angus Smith found that if he 
abstracted about 24 per cent. of oxygen 
from pure air, it would not support 
the combustion of a candle and it would 
be impossible for any one to live long in 
such an atmosphere ; so that the air, so 
far as life is concerned, may be compared 
to a reservoir with pipes placed near the 
top—the water under the level of the 
pipes being useless, except as affording 
a support for the top stratum, which can 
be utilized by being drawn off; so we 
have 18.5 per cent. of the oxygen of the 
air of no greater value, as a life sup- 
porter, than the water which lies under 
the level of the pipes of our assumed 
reservoir, and we may take it, therefore, 
that only one-eighth part of the volume 


of the oxygen of the air is of practical | 


value. 

We must, then, look upon air which 
has even a very minute fraction less of 
oxygen than that given in the above 
analysis, as more or less objectionable or 
bad, because the part of the total amount 
of oxygen contained in the atmosphere 
available for supporting life is so small. 

The following analysis made by Dr. 
Angus Smith, shows the actual propor- 
tions of oxygen contained in air from 
different places, the last four of which 
cannot be regarded as otherwise than 
unhealthy: 


Per cent. by volame 
of oxygen. 


20.980 
of "Man- 


20.947 
20.935 


a of hills (Scotland). . 
In the outer circle 

chester (not raining) 
Low parts of Perth. .. 
In a sitting-room which felt 
close but not excessively so.. 20.890 
Pit of a theatre, 11.30 p. m.... _ 20.740 

About backs of houses and 
20.700 


It will be observed, then, that judging 
from the deficiency of oxygen alone in 
the air from the pit of a theatre, for in- 
stance, a draught of over 10 per cent. 
has been made upon the total available 
oxygen. Judging, however, from this 
point of view, we are assuming that the 
place of the oxygen abstracted is filled 
by an innocuous gas, such as nitrogen, 

Vor. XX.—No. 6—34 


| which i is not the case. When the oxygen 


lis consumed by man, it combines with 
'the carbon from his lungs, forming car- 


bonie acid gas, which may be regarded 
as a positive poison, and if we take the 
amount of this noxious gas found in a 
theatre, we see by Dr. Smith’s analysis, 
that it amounts to 0.320 per cent., being 
10 times greater than that found in pure 
air. In Manchester streets, in ordinary 
weather, the air was found to contain 
0.403 per cent. of carbonic acid gas, and 


although this is a very small fraction, it 


is yet about 20 per cent. greater than 
that found in pure air. 

When we consider that a healthy man 
will pass through his lungs about 2,000 
gallons of air per day of 24 hours, we 
see that he will during that time inhale 
54 pints of carbonic acid gas in the coun- 
try, and 64 pints in the streets of Man- 
chester, and about 51 pints in an atmos- 
phere such as that found in the pit of a 
theatre. 

These, however, together with organic 
emanations, are the impurities which are 
found in air polluted by the breathing of 
animals, but these are not the only im- 
purities found in the air of large towns ; 
others more irritating and poisonous pro- 
ceed from the burning of coal, to which 
I will refer later on ; but to confine our- 
selves to the physiological effects of air 
charged with large quantities of carbonic 
acid, such as that found in a theatre, I 
will refer to certain statistics. It is well 
known that children who are kept after 
birth in badly ventilated rooms, die in 
large numbers from what were termed 
“nine-day fits.” In 1783, Dr. Joseph 
Clarke, master of the Rotunda Hospital 
in Dublin, recorded that during 25 years 
in that hospital, when the ventilation was 
bad, no fewer than 3,000 out of 18,000 
children born there died within the first 
fortnight of their birth. The number of 
these cases at once rapidly diminished as 
soon as the better ventilation of the wards 
was attended to, so that, in the following 
28 years, out of 15,072 children born, 
only 550 died, being 1in every 104, instead 
of 1 in 6, as was the case previous to the 
better ventilation; and since, Dr. Me 
Clintock, one of the successors of Dr. 
Clarke, reported in 1861, that further im- 
provements having been made in ventila- 
tion, the disease was then almost un- 
known. 
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Again, in the Mediteranean squadron, 
a fearful lung disease made its appear- 
ance among the men in 1861, which was 
found to be due to the want of proper 
ventilation in the lower decks of the 
ships where the men slept. 
a most delicate organ, in which the 
blood meets with the air which we 
breathe. The air passes into the lungs, 
through air tubes, which divide and sub- 
divide, like the stem and branches of a 
tree, each branchlet ending in a small 
air cell or leaf, which is formed of a deli- 
cate membrane, not more than the thick- 


The lung is | 


| the movement of the small hairs passes it 
slowly along, till it comes near to the top 
‘of the trachea, or wind-pipe, when the 
mixture of foreign matter and mucus may 
be finally dislodged by coughing. 

| The results of this process can be ob- 
served when we breathe some time in the 
‘open air during a fog in a large town. 
‘The air then contains a. copious amount 
|of soot in suspension, which finds its way 
‘into the air passages, and which is ulti- 
‘mately expelled mixed with phlegm, the 
|whole being sometimes of a dark or even 
| black color. 

If, however, the air passages are con- 


ness of a soap bubble ; and the lungs of | 
a full-grown man contains six hundred | stantly being irritated by small particles 
millions of these leaflets or air-bags. jot foreign matter, the mucus membrane 
The membrane of these delicate air-bags | gradually loses the power of performing 


is covered with fine, hair-like blood ves- lits normal functions, and becomes dis- 


sels, through which the blood flows, and 
thus spreading over an enormous surface 
it becomes aérated. The blood from one 
side of the heart, charged with the im- 
purities, etc., which it has received from 
the body, passes across the lungs 
through the tiny blood vessels on the 


eased, and this diseased condition soon 
extends to the lung itself. Remarkable 
examples are to be found of diseases 
|originating directly from this cause in 
‘the men employed at certain manufac- 
tories, such as knife and fork grinders, 
where the fine particles of steel float in 





delicate membrane, and there meets with|the air, and are inhaled by the men. 
the air, the oxygen contained in which | The lives of the men engaged in such oc- 
burns or oxidizes the impurities in the|cupations are extraordinarily short, a 
blood, carrying them away as carbonic | knife or fork grinder being considered an 
acid gas, which we exhale, along with the|old man at the age of thirty, and if he 
nitrogen and excess of oxygen. This | has worked at his trade from boyhood 
delicate organ is protected from injury} without using fan appliances to take 
by a variety of means. If, for instance, | away the steel dust, as most of them do, 
a particle of solid matter or liquid, for|having a strong prejudice against any 
instance, touches the air passages as is | such apparatus, they often commence at 
sometimes the case in eating or drinking | the age of twenty-five or twenty-six to 
when the liquid or food is said to “ pass | die of a long and painfull illness, result- 
into the wrong throat,” a reflex action is | ing from lung disease. 

produced, involuntary coughing takes| This may serve as an example of how 
place, and the intruding matter is ex-| the lives of men may be much shortened, 
pelled. If, however, the particles of|by the irritation resulting from inhaling 
matter be not sufficiently large to pro-| minute particles of a hard and angular 
duce violent coughing, it produces a / dust, but the minute particles of carbon 
rapid secretion of mucus from the mucus | which float in the air of our large towns, 


membrane of the air passages, in the) 
same way as a particle of dust coming 
in contact with the eye produces a flow | 
of tears, which eventually washes away | 
the irritating particle. The mucus, or 
living membrane, or skin of the air pas- 
sages, is also provided with another most | 
ingenious appliance; it is covered with | 
myriads of minute hairs or cilia, which | 
are in constant motion, like a field of| 
corn in the breeze, so that when the 
mucus secretion, which is a glairy fluid, | 
has taken hold of the offending particle, | 


and which may be found adhering to the 
sides of the air passages of the nostrils, 
for imstance, after one has spent some 
few hours in a town, assuredly have an 
injurious effect upon the health and lives 
of the inhabitants. The same kind of 
irritation may, however, be produced by 
the inhaling of noxious gases, which are 
also found in town air. 

Many other cases of consumption be- 
ing produced in strong, healthy men, by 
breathing impure air, may be given; but, 
as one more instance of the pernicious 
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effects of bad air, we may refer to the | number of different products of combus- 
average life-time of the people living at|tion are formed, which escape up the 
different places, which will speak for it-| chimney and enter the outside air. Coal 
self. is burned in large towns for two purpos- 
'es, the one for the processes of manu- 


In London, the average life-time is 29 years. | y : 
at 21 sr facturing, the other for heating our rooms 


‘* Manchester 


“ Surrey = 34 “ jand for culinary purposes. Up to the 
‘* France = 34 “| present time, wealth has almost entirely 
England sad ignored the nuisance produced from the 


Supposing a man to take pure air into | house smoke, but has acted vigorously 
his lungs, containing, as it does, about 21 | against that produced from manufactures; 
per cent. of oxygen and ;},ths of a per/and although this is a step in the right 
cent. of carbonic acid gas when he ex-| direction, it is unfortunate that it has 
hales it, the carbonic acid gas would be| only attacked by far the lesser of the 
found to have increased to 5 per cent., two nuisances. 
and the oxygen to have diminished to | The smoke or gases produced from 
about 13 per cent. If he were compelled | coal used in manufacturing are of a dif- 
to breathe again the same air, death | ferent composition from those produced 
would ensue in a few minutes; this air| by coal burnt in the ordinary room or 
must, therefore, be largely diluted with | kitchen grates. In the former, the coal 
pure air, and different hygienic authori-|and its products are more completely 
ties hold that each volume of air exhaled | burned than in the latter; that this is so 
should be mixed or diluted at once with|may be observed by looking at a room- 
from 130 to 200 volumes of pure air, and | fire in comparison with the fire under a 
that whilst a healthy man cannot pass | large boiler. The general mode of keep- 
through his lungs more than about 72 ing up the fire in an ordinary room grate 
gallons of air per hour, he should be sup-|is to put some pieces of coal on to it 
plied with, at least, 10,000 gallons, that when necessary, either as large pieces 
the impurities exhaled may not prove | when the fire is intended to last for some 
poisonous or deleterious to him. considerable time, or as small pieces, or 

The above facts show us the vast ne-| as a mixture of both, when a good fire is 
cessity of being supplied with pure air,| required; in any case we may observe, 
and yet, strange to say, this is one of when this is done, that a distillation takes 
the points which by the generality of | place, and a yellow vapor begins to flow 
men least attention is paid. Millions of slowly up the chimney, and later on 
money are being spent to obtain for our| these products become ignited; on the 
towns liberal supply of pure water, which, | other hand, the gases evolved from the 
is no doubt, most important for our wel-| coal by distillation in the front are com- 
fare, but of much less importance than | pletely consumed in passing over the 
the supply of pure air. What a lamenta-| red-hot fuel in the back part of the fur- 
ble sight is presented to us, when we go nace. The smoke, therefore, from domes- 
to the top of u hill near to one of our tic fires is of a more complicated nature, 
large towns and look down upon it. We) and more injurious to the health of men 
observe that it is enveloped in one vast| and animals than the thoroughly burned 
cloud of smoke, and yet in such atmos-| products which escape from furnace fires, 
pheres thousands are living, suffering, | and not only so, but the smoke from do- 
and prematurely dying; and still more|mestic fires is distributed all over our 
marked to the eye is the injurious effects towns, and allowed to escape into the air 
which such atmospheres have upon plant | generally not more than a few yards from 
life. Few plants or trees can grow in or | the level of the streets, and it is wafted 
near our large towns, and those which | down by the wind or air currents, con- 
do stand better these injurious influences | taminating the air which we have to 
become weaker and weaker every year, | breathe, and making it look as if a faint 
until they ultimately succumb. haze existed everywhere in our town 

We ask what is the cause of this, and atmospheres ; indeed, in my opinion, the 
the answer is undeniable. It is owing to| sanitary conditions would not be ma- 
the gases produced from the burning of | terially improved if all the manufacturing 
coal. When coal is consumed, a large) industries at once ceased to exist. This 
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is borne out by a paper read before the | 


Manchester Philosophical Society by Mr. 
Peter Spence in 1869, in which he de- 
scribes the results of a series of experi- 
ments made at his own house with blue 
litmus paper. These papers were changed 
morning and evening for some time, until 
he became an expert judge of changes in 
color produced by the air blowing from 
different directions. He found, as a 
rule, that on Saturdays, when the manu- 
factories were not working, more acidity 
was observed in the air than on any 
other day or night in the week. 

The principal impurities found in the 
air of large towns are soot, hydrocarbons, 
sulphide of ammonium, carbonic acid, 
sulphurous acid, carbonic oxide, and 
probably very minute quantities of 
arsenic expelled from the pyrites existing 
in the coal. All these are due to coal 
smoke, others exist such as emanations 
from putrid or decomposing organic 
matter, but by far the greatest quantity 
of atmospheric impurities in large towns 
can be traced to the emanations from 
burning coal. The sulphur compounds 
contained in the different atmospheres is 
regarded by Dr. Angus Smith as a meas- 
ure of the pollution of the air from coal 
smoke and other causes, such as putre- 
faction and decomposition, but principal- 
ly from the former, and these com- 
pounds, such as sulphurous and sulphuric 
acids, &c., he has estimated; and, caleu- 
lating the sulphur compounds into sul- 
phuric acid, he has arranged the follow- 
ing interesting table of results. - Taking 
the sulphates in the air found in Valentia, 
in Ireland, as 100, we have the following 
amounts found in various places through- 
out the United Kingdom: 
Scotland.—Sea-coast country places, 

west 


England.—Inland country places...... 
Scotland.—Towns — not inclu- 


aha as i ae 604 
ES ERE TR CR IN 750.5 
RE EE ere eee 1255.3 

Manchester, DG o vies ageeh xvas 1526. 
1870... ote . 1757.8 

2591. 


IN aie arena d55 nse Kage wacneas 

Again, Dr. Smith compares the amount 
of acidity, or free acid in the air of differ-| 
ent places. The free acid, as a rule, | 
comes directly from the burning of coal, | 


and may be regarded specially as the 
budding of the leaves of the trees and 


plant-destroying ingredient of town air. 


He gives the amount of ammonia which | 








is eliminated principally from the burn- 
ing of coal, and the following gives some 
of these results. In the case of acidity, 
the air of Valentia contains none, and 
cannot, therefore, be taken as a standard 
of comparison; but, for ammonia, the 
amount found therein is taken as unity. 
Here follows the table :— 

Acidity. Ammonia, 


IRELAND. —Valentia....... None. 1 
ScoTLAND.—Sea-coast coun- 
try places, west........ 1 2.69 
ENGLAND —Inland country 
act ae ee dania ne None 5.94 
Seale aa 27.97 19.17 
Manchester, average of 1869 
ae 73.44 35.94 
NE rc cuctuwacken eds 86.76 36.54 
RE rr 109.16 50.55 


Tke question has often been raised as 
to whether black smoke did more damage 
to animals and plants than the products 
of the complete combustion of coal, and 
some held the view that black smoke was 
innocuous, whilst others held that it was 
highly deleterious. 

It has been shown that if a plant be 
completely covered with pure carbon, the 
plant will grow luxuriantly, but it has 
also been shown that soot is not pure 
carbon, but is carbon saturated with sul- 
phurous and sulphuric acids, tarry mat- 
ters, ammonia salts, &c., and it has been 
equally clearly shown that soot or black 
smoke is highly destructive to plant life. 
The soot, or black smoke, no doubt acts 
injuriously on plants in two ways, the 
first mechanically, by the tarry ingredi- 
ents interfering with the free action of 
the stomata, or breathing orifices of the 
leaves; the second chemically, by the 
acids, salts, and other substances which 


| would be washed from the smoke de- 
‘posited on the leaves by the dew or rain 


which comes in contact with it, these 
substances would be absorbed into the 
|substance of the leaf, and, coming in 
contact with the juices of the plant, 
would decompose it, and so render it 
incapable of imparting nourishment. It 
is remarkable to observe that the leaves 
of plants and shrubs in large towns are 
generally so thickly covered with smoke, 
that, if they be rubbed between the 
fingers, the latter will be much soiled or 
completely blackened. The effect of the 
air of large towns is to prevent the early 


plants, and to make the leaves fall early 
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in the autumn, or before it sets in. It is 
clear, then, that it would be a great 
advantage, to both animal and plant life, 
if black smoke were not emitted from 
chimneys, because it falls rapidly on to 
the plants, bringing with it, and conse- 
quently acting as a vehicle for carrying, 
the really noxious ingredients of the 
smoke. It also falls on and blackens the 
magnificent public buildings which most 
English towns possess; and, not only so, 
but injures the stone and carving ex- 
posed to it, by reason of the dirt being 
washed from it into the stone, many 
kinds of which ultimately undergo a 
crumbling process from that cause. It 
is evident, then, that it is important that, 
if possible, coal should be burned thor- 
oughly, and no black smoke produced, 
because, as I have mentioned, it injures, 
not only plant and animal life and build- 
ings, but soils everything which the good 
housewife considers worthy of being kept 
free from stain. If, then, it be found 
that cleanliness can only be obtained or 
retained at an immense cost of labor, 
many will lose heart, and become con- 
tented to remain dirty; and so the emis- 
sion of black smoke from chimneys 
should and does prove a great social evil. 
If, however, the smoke were completely 
consumed whenever coal is used, the evil 
would not be stamped out, because the 
rain which falls in large towns dissolves 
from the atmosphere the impurities which 
it brings down with it, and which prove 
highly deleterious or poisonous to the 
plant. It is calculated that about 14 
millions of tons of ammonia, or salts of 
ammonia, are dissolved per annum from 
the atmosphere by the rain which falls 
on the globe, and this furnishes the 
plants with a most valuable food—the 
ammonia being formed in nature by the 
electric discharge, or lightning, or by the 
decomposition of animals and plants. 
What a vast difference is presented by 
the rain water which falls in and near 
towns. If a vessel be exposed in a 
town the rain water falls into it, but so 
does the black smoke, and after a few 
days if the water and soot which has 
fallen be mixed together, the liquid will 
present an inky appearance, and will 
change the color of blue litmus to red, 
whilst a vessel left for the same length 
of time in a country place will be free 
from sooty or noxious ingredients. 








Lastly, I may mention that it has been 
calculated that about two millions of 
pounds worth of property are destroyed 
in London and its vicinity alone per 
annum by the emanations from burning 


coal. I do not vouch for the accuracy 
or otherwise of the last calculation, but, 
doubtless, we have sufficient proof that 
an immense amount of property is annu- 
ally destroyed by allowing coal smoke to 
enter our atmosphere, as it does at the 
present time in England; and this is one 
of the points which weighs heavily in the 
scale on one side to show that, even if 
some scheme were devised and worked, 
even at great cost, it is probable that, 
looked at from a commercial point of 
view, from depreciation by damage to 
property alone, the scheme might prove 
a success; but this is one of the least 
important items in the problem. One 
which stands much higher is the .in- 
creased degree of health which even the 
strongest of town inhabitants would 
experience, even by a small mitigation of 
the amount of impurities thrown into the 
air. I think that any one who works in 
the vitiated atmospheres of towns must 
feel, if he has tried it, that he can do 
more work, and can do it more easily 
and comfortably, in the atmosphere of a 
country place than in that of a town, and 
further, that he requires less food when 
working in a pure atmosphere than when 
employed in a vitiated one, the wear and 
tear on the system being much greater in 
the latter. 

If, then, it were possible to secure a 
fine atmosphere in towns, what a vast 
benefit would be conferred upon the in- 
habitants. It would tap thousands of 
springs of energy which at present are 
kept dormant, and that energy, if direct- 
ed towards the development of the coun- 
try would bring back to it much of the 
prosperity of which it at present so much 
needs; but, above all, it would give an 
increased supply of good health and 
spirit, and would prevent many of our 
unfortunate citizens from wasting their 
money and destroying themselves men- 
tally, morally, and physically, by exces- 
sive indulgence in stimulants. 

So much, then, for the benefits which 
would be gained by improved sanitary 
conditions of our atmospheres; and I 
come now to the question whether it be 
practicable to prevent much of the con- 
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taminations which at present find their | 
way into our atmospheres, and I think | 
there there can be no doubt that it is. | 
Schemes have been discussed of draining 
away the noxious gases from our chim- 
neys, and passing them along the sewers, 
and ultimately allowing them to escape 
inta the atmosphere from the tops of tall 
chimneys, but nothing was brought for- 
ward of a definite nature till Mr. Peter 
Spence, F.C.S., of Manchester, the well- 
known manufacturing chemist, made the 
necessary calculations, and embodied his 
scheme in a paper read before the Man- 
chester Philosophical Society, 22 years 
ago. To give his ideas in as few words 
as possible he says that it is practicable | 
to build a chimney 600 feet high, 140) 
feet external diameter at the bottom, and 
100 feet internal diameter at the top, at 
a cost of about £40,000, and calculating 
the amount of air required for the com- 
plete combustion of the whole of the coal 
burned in Manchester, assuming that that 
air would enter the tall chimney at a tem- 
perature of 100° Fah. (about the tempera- 
ture of the human body), the column of 
air would ascend at the rate of about 40 
feet per second, and would be capable of 
carrying away about ten times as much 
air as that required for the combustion 
of all the coal employed in Manchester. 

We may, assume, however, that if such 
a chimney, were built, and subsequently 
found incapable of doing the necessary 
drainage work, it is possible that a large 
fan could be erected in connection with 
the chimney, and the draught so aided by 
mechanical power. 

The scheme has many interesting 
points connected with it. First, it com- 
bines the liquid and gaseous sewage, and 
makes the one in many respects neutralize 
the other. The sulphurous acid, hydro- 
carbon, &c., from the coal smoke, would 
prevent the decomposition of the liquid 
sewage, whilst the liquid sewage would 
condense much of these noxious sub- 
stances from the smoke which now con- 
taminate our atmosphere. Again there 
would be aconstant draught through the 
sewers, and, consequently, it would be 
impossible for any foul air to escape from 
them; on the contrary, if there should 
happen to be any leak in the sewers, the 
pure air would flow into them, instead of, 
as is the case at the present time, the 
foul air of the sewers finding its way out 


from every crack into our houses; be- 
cause it seems almost practically impos- 
sible to keep sewers so tight that ob- 
jectionable smells will not proceed from 


‘them—when one place is made tight the 


bad odors make themselves evident from 
another. Mr. Spence relates an interest- 
ing method by which he prevented the 
sewer gases from entering his house. He 
found that one of the bedrooms in a 


‘house which he had occupied for a short 


time could not be used, owing to the bad 
smells which evidently found their way 
through some cracks in the wall of the 


‘room, and he hit upon the plan of join- 
ing a 4-inch iron pipe with the sewer at 


one end, and placing the other end a few 
feet up the kitchen chimney. The 


‘draught from ‘the chimney so far venti- 


lated the flue that the smell from the 
bedroom, almost immediately after this 
arrangement was completed, ceased to 
exist. This scheme might materially 
help the solving of the liquid sewage 
problem, inasmuch as less water would 
be required to be passed along the sew- 
ers, and the slightly diluted sewage 
would, in its passage along, meet and 
dissolve from the coal smoke the am- 
moniacal salts which it contains, and the 
liquid might afterwards be treated di- 
rectly for the recovery of these valuable 
products, which might be converted into 
the products richer in plant nourishment 
than the richest guanos. 

Mr. Spence calculated that, by the 
burning of two millions of tons of coal 


‘in Manchester and Salford, about 20,000 


tons of sulphate of ammonia could be 
produced, all of which, by his scheme, 
would be deposited in the tunnels and 
added to the sewage; and taking its 
average value at £15 per ton, would be 
worth £300,000, a heavy item to be 
thrown away uselessly and harmfully 
into the atmosphere, and, taking this in 
combination with the manurial value of 
the sewage, he considers that about 
£800,000 per annum might be realized 
by its sale. This, then, is another point 
which adds to the prospect of the finan- 
cial success of such a scheme. 

Other schemes have been suggested 
for the prevention of the pollution of our 
atmosphere, such as the preparation of 
purified coal gas from the coal, and using 
that as fuel. We are, however, a conserv- 
ative people, and any material improve- 
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ments which are made must be done 
slowly and cautiously. I understand that 
Mr. Spence’s system has been adopted 
at the Assize Courts in Manchester, where 
all the fires are ventilated into the same 
chimney, and that it will be adopted in 
the New Law Courts of London; whilst 
I believe that the full scheme advocated 
by Mr. Spence and others will ultimately 
be adopted in all large towns. Mr. 
Spence, who has spent much time during 
his life in the study of those matters, 
and who has a thorough knowledge of 
what work can be done by large chim- 
neys, &c., informed me a few days ago, 
that he saw no reason, since he first 
brought forward that scheme, twenty-two 
years ago, of altering his opinion as to its 
practicability. The point, however, which 
I wish to be most clearly brought for- 
ward in this paper, is that, considering 
the vast and growing importance of the 
subject, some means should at once be 
taken to mitigate the nuisance, and re- 
duce the impurities which we are now 
compelled to breathe in our large towns, 
and this may be done with certainty, 
simplicity and little expense, by joining 
all the chimneys in each block or line of 
buildings together, for instance, and con- 
necting them into one chimney, which 
should stand considerably above the tops 
of the houses. Much of the impurities 
would be condensed and deposited in the 
flues before the smoke reached the chim- 
ney, and it would allow of greater diffu- 
sion of the noxious gases which escaped 
from its increased height, so that we 





should require to inhale less of them, 
and further it would increase the draught 
in every chimney so joined. The draught 
could then be easily regulated by damp- 
ers; and, lastly, it would be preparing 
the way to centralize the points at which 
the smoke should be allowed to escape, 
until lastly a chimney of immense height 
would take the smoke and fumes suffi- 
ciently high to prevent their ever reach- 
ing our level. 


Weighed against the comparatively 
small expense which the carrying out of 
some such plan would entail, the immense 
benefit which would be derived from it, 
it certainly seems astonishing that some- 
thing has not before been attempted in 
this direction. Each fraction of a per- 
centage of impurity which we are com- 
| pelled to breathe adds considerably more 
to the drag which is thus put on the 
wheels of human energy, and it kills the 
plants and trees which were provided by 
nature to purify the air from the neces- 
sary contamination produced from the 
breathing of animals, and to refresh and 
delight the eye and the mind by their 
beauty. The smoke also prevents the 
free entrance to our towns of the rays of 
the health-giving sun. 





The benefits which might be derived 
\from having a pure atmosphere in our 
large towns can scarcely be estimated, 
and I trust that this Society will spare 
|some of its talent and energy in the fu- 
|ture in trying to improve the sanitary 
condition of the air of our large towns. 





RIVER CONTROL AND MANAGEMENT.* 


By J. CLARKE HAWKSHAW. 


From “ Engineering.” 


Tue question of the management of 
the rivers of this country is one that is 
yearly assuming more importance. Royal 
Commissions and Committees of both 
Houses of Parliament have been appoint- 
ed of late years to consider the best 
méans of preventing pollution, of pre- 
venting floods, and of providing for the 
control and management of rivers. Many 





* Read before Section G of the British Association: 
Dublin meeting. 


facts have been accumulated and some 
valuable recommendations have been 
made which would go far to remedy the 
existing evils. It is to be hoped that 
decisive legislation will not be long de- 
ferred. 

During the last three years I have had 
occasion to examine the greater part of 
\three river basins, those of the Clyde, 
‘the Witham, and the Upper Thames, for 
‘the purpose of obtaining detailed in- 
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formation for my father who has reported 
on them. In the case of the Cylde he 
was appointed Royal Commissioner to 


inquire into the best means of prevent- | 


ing the pollution of that river, in the 
other cases he was called upon to report 


on the best means of preventing floods. | 
This being the case (and seeing that the 


question of water supply has formed the 
leading topic of the president's address 


in this section) I have thought that a' 


few remarks on river control may prove 


of some interest to members of the sec-| 


tion. In this country, although so many 


great engmeering works have been car- | 


ried out, we have little cause to congrat- 
ulate ourselves on the condition of our 
rivers. 


are destroyed and villages and towns are 
inundated. In January, 1877, 40,000 
acres of land above Lincoln and between 
Lincoln and Boston were flooded by the 


River Witham. Two months later I saw | 


the water still standing on parts of the 
fens, and the people only then returning 
to their homes from which they had been 
driven at a moment's notice. 
parts the water had been from 5 feet to 
6 feet deep. By the same flood nearly 
100 acres of the city of Lincoln were 


flooded to a depth in places of 3 feet. | 


Twice in the previous year the River 
Trent flooded the town of Burton, ren- 
dering many of the principal streets 
impassable owing to the strong current 
running 3 feet deep through them. The 
banks of the Thames from near its 
source as far as London, and including 


parts of London itself, are liable to be) 


flooded. These cases have come under 
my own notice, but each river valley 
could supply similar or even more strik- 
ing ones. Yet [ venture to think that 
engineers are not to blame for this state 
of things. If they cannot cope with the 
rivers of this country what hope is there 
that the great rivers of India or of other 
parts of the world will be controlled. 
The Mississippi drains an area of 
1,147,000 square miles, which is more 
than 180 times as large as the area 
drained by the Thames, and discharges 
on an average 800,000 cubic feet per 
second during the flood period which | 
lasts six months. A maximum flood dis- | 
charge of the Thames might reach a} 
fortieth part of the above amount for a| 


Periodically thousands of acres | 
of land are flooded, and crops on them | 


In some | 





few hours in the course of twenty years. 
Yet American enterprise has not shrunk 
from attempting to control the waters of 


the Mississippi; embankments were 
made at New Orleans 150 years ago, but 
the Americans are now wisely beginning 
to deal with the mouth of the river, a 
course which has been too often neglect- 
ed in this country. By making jetties, 
one of which is now more than two miles 
long, formed of piles and matrasses of 
fascine work, they are constraining the 
waters of one of the main outlets of -the 
river to flow in a deep straight course to 
the sea. Already the depth of water on 
the bar has been increased from 8 feet to 
19 feet. 

I will not further describe this great 
work, though I am much tempted to do 
so. Its progress should be watched by 
all those interested in river engineering. 


_Although much still remains to be done 


before even the great rivers of Europe 
will be brought under control, much 
progress has been made where local 
interests have been made subservient to 
those of the community in general. The 
fault in this country most frequently lies 
in the existence of numerous authorities 
each with limited jurisdiction over the 
same river. Rivers can rarely be dealt 
with to any good purpose piecemeal, but 
should more often be dealt with as a 


‘whole from their source to the sea. 


And, moreover, whatever is done to 
them should be done with a view to 
making them as efficient as possible for 
the three purposes which they should 
serve, viz., for drainage, for navigation, 
and for water supply. The first of these 
three is the most important, for on it the 
existence of a river depends. It need 
not necessarily serve the purpose of nay- 
igation; water may be obtained for the 
population within its basin from other 
sources, such as wells, or from districts 
without its basin, but a river cannot 
escape, being the natural and proper 
outlet for the land drainage of its basin. 
I shall atfempt to discuss these three 
functions of a river separately, though I 
believe they cannot fitly be separated, 
whether we regard the works which are 
proper to them or the organization 
which will best lead to their being well 
performed. I have said that I do not 
think engineers are to blame for the con- 
dition of our rivers. This is certainly 
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not the case in respect of floods. 
flood occurs and an engineer is called in 
by a local board or committee of land- 
owners, and is asked to report and sug- 
gest a remedy for the evil. He has 
generally to consider but a small portion 
of the river, and that only in so far as it 
affects the interests of his employers, 
who have possibly no jurisdiction or at 
most only a partial jurisdiction over it. 
Proper surveys are not to be had, nor 
observations on the flow of water in the 
river, and they often have to be dis- 
pensed with in a great measure owing to 
the time it would take to make them and 
the cost. He is limited as to expendi- 
ture, yet a partial scheme of improve- 
ment must generally be costly. It can 
hardly fail to benefit some people higher 
up the river who are not called on to 
pay. Very often it will injure others 
lower down. While the report is being 
prepared, the ardor to remedy the evil 
cools. Some are not much injured by 
the flood, some not at all: The prospect 
of having to pay at once seems more dis- 
tasteful than to risk the chance of having 
to suffer the same loss and discomfort at 
some uncertain future time. So the re- 
port is received and is discussed. The 
cost of the proposed works is too great, 
and there the matter ends till another 
bad flood comes and the whole process is 
gone through again. 

Engineers have made more reports on 
drainage than on almost any other sub- 
ject. These reports lead to much un- 
profitable expenditure when special ob- 
servations and special surveys have to be 
made for them. Such work can easily be 
so thoroughly done as to be available a 
second time. For a succeeding report it 
often has to be done over again. 

The Ordnance survey maps on the 
6-inch scale supply much of the informa- 
tion that is wanted, but for many dis- 
tricts no maps have been published on 
the 6-inch scale, and for some we have 
nothing but the l-inch scale maps 30 or 
40 years old. 

Much of the district drained by the 
Witham is not correctly shown on any 
map. The Ordnance survey of it was 
made in 1824, and the appearance of the 
fen land has totally changed since then. 
When the Thames Valley Drainage Com- 


A | 


and flooded parts of the Upper Thames 
Valley, they could not properly perform 
the duties imposed upon them .without a 
correct map of the district. The Ord- 
nance survey of the district was made in 


| 1828, on the scale of one inch to a mile. 


The commissioners were forced to have a 
new survey made which took some years 
to make. The work was done by the 
Ordnance Survey Department, to whom 
the Commissioners paid several thousand 
pounds for it, so that in this case a spec- 
ial tax was laid on the landowners of the 
district under the commissioners for the 
benefit of the Ordnance Survey Depart- 
ment. This is one of many cases in 
which the want of system in the manage- 
ment of our rivers has led to a limited 
district having to bear burdens which 
should rightly have been borne by larger 
districts, or, in this case, by the whole 
community. 

In England, alone, the extent of land 
which directly depends for its drainage 
on the state in which the main river 
channels are maintained is very great. 
The fens of the Eastern Counties extend 
over 830,000 acres, and this forms but a 
portion of the land throughout the coun- 
try, some of which would be relieved 
from disastrous floods, and all of which 
would be better drained if the river chan- 
nels were dealt with on some systematic 
plan, and were not, as at present, either 
entirely neglected or dealt with piece- 
meal. 

Much of the fen land has no natural 
drainage, but no less does the cost of 
draining it by mechanical or other means 
depend on the state in which the river 
channels are maintained. To drain the 
fen lands in the first instance it was nec- 
essary that considerable areas should be 
dealt with at once, and this led to the 
formation of numberless drainage dis- 
tricts. Each of these provides for its 
own drainage as best it can with regard 
to its own interests only, and often to 
the detriment of adjoining interests. 
Occasionally several of them may unite 
for some special purpose, but they rarely 
co-operate heartily. They have not al- 
ways control over the main channel into 
which they drain, so that they are liable 
to be flooded from causes beyond their 
own control. Before the advent of rail- 


missioners were appointed in 1871, by| ways river channels were valuable as 


Act of Parliament, to deal with the rivers| means of inland transport, and were 














498 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 








maintained for that purpose. 
on rivers has fallen off, and the old con- 
servancy boards have not funds to main- 


tain the channels, though they still have | 


jurisdiction over them, and drainage suf- 
fers in consequence. 

The River Witham may be taken as a 
good example to illustrate the variety of 
jurisdictions to which some of our rivers 
are subject. The Witham is between 60 
miles and 70 miles long, and drains an 
area of 1079 square miles. It flows past 
the towns of Grantham, Lincoln, and 
Boston, entering the Wash about seven 
miles below Lincoln. 
miles below Lincoln it is embanked on 
both sides to prevent its flooding the low 


land adjoining. Parts of its tributaries, | 
both above and below Lincoln, are like-| 


wise embanked for the same purpose. 


For some miles below Grantham the Wit- | 


ham is under the Grantham Sewers 
Board, from thence to Lincoln it is under 
the Lincoln Sewers Board. These boards 
have rating powers over the lands ad- 
joining the-river; the Lincoln authority 
rates all lands below flood level and less 
than 2 feet above that level. The part of 
the basin of the Witham which lies to 
the north-west of Lincoln is drained by 
a tributary the Till, which does not, 
however, discharge directly into the Wit- 
ham but into the Fossdyke, a navigation 
connecting the Witham at Lincoln with 
the Trent at Torksey. The Till is under 
the Lincoln Sewers Board, but the Foss- 
dyke is under the Great Northern Rail- 
way Company. The lands adjoining the 
Fossdyke, which are below the level of 
its waters, are divided into two districts, 
the north and south-west districts, under 
separate Boards. The only outlet for 


the drainage of these districts, 7,000) 


acres in extent, is through a small cul- 
vert under the Witham at Lincoln, which 


is not large enough in time of floods. | 


Besides this, these districts are liable to 
be overflowed by the waters of the Till, 
the Fossdyke, and the Witham by the 
failure of banks over which they have no 
control. Between Lincoln and Boston, 
the Witham is a navigation subject to 


the Great Northern Railway, and neither | 
the Lincoln Sewers Board nor the West | 


District Drainages have any control over 
it, but the jurisdiction of the Lincoln 


Sewers Board extends over the Lanworth | 
river, the principal tributary of the Wit-| cally, some to a disastrous extent, from 


But traffic | 


For the last 40) 


ham between Lincoln and Boston, and 
likewise over a cut called the Sincil 
Dyke, which passes through Lincoln and 
connects the Witham with the South 
Delph, which is under the Great North- 
ern Railway, and which enters the Wit- 
ham about seven miles below Lincoln. 
The Lincoln Sewers Board are prohib- 
ited by Act of Parliament from making a 
proper outlet for the Witham waters into 
the Sincil Dyke, and as their only other 


‘outlet, the navigable channel of the Wit- 


ham, is not under their jurisdiction and 
is insufficient in time of floods, this ar- 
rangement insures a large tract of land 
above Lincoln, and part of the town it- 
self being flooded at times. From Lin- 
coln to Boston the Witham is under the 
Great Northern Railway for navigation 
purposes, but it is under another author- 
ity called the Witham Commissioners for 
drainage purposes. If the Witham banks 
were to fail at any point as they have 
done the adjoining lands are flooded. 
These banks, more than 60 miles in 
length, are maintained partly by the 
Great Northern Railway, partly by the 
Witham Commissioners, and partly by 
the adjoining landowners. From Boston 
to the sea the Witham is partly under 
the jurisdiction of the Boston Harbor 
Commissioners and partly under the 
Witham Commissioners. Below Lincoln 
the lands adjoining the Witham are di- 
vided for drainage purposes into seven 
large districts which are again divided 
into many smaller ones, each of which 
has its own body of commissioners and 
other officers, and power to rate for 
drainage purposes. Lastly, there are 
two affluents of the Witham below Lin- 
coln, which have been made into naviga- 
tions under separate authorities, the 
Horncastle navigation and Heaford 
Canal. 

Thus there are no less than seventeen 
sets of Commissioners or other authori- 
ties having jurisdiction over the Witham, 
and for drainage purposes over the lands 
adjoining it between Grantham and the 
sea, exclusive of the commissioners of 
the smaller drainage districts. If we in- 
cluded them the above number would be 
doubled. In the first large district be- 
low Lincoln there are eight sets of com- 
missioners. The ratepayers and others 
whom they represent all suffer periodi- 
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the present state of the river. Yet 
these heterogeneous bodies never have 
united for the purpose of making the 
main channels, in which they are all 
interested, contribute to their common 
welfare, instead of being, as now, a con- 
stant source of danger and loss. 

It is only by a long series of observa- 
tions made at different points along a 
river channel that we can ascertain the 


maximum quantities of water which the | 


different parts of the channel may have 
to convey. The quantity varies from 
day to day and from year to year, being, 
in the first instance, dependent on the 
rainfall. The rate of flow is liable to be 
altered by the operations of man in till- 
ing the land. The cutting of open drains 
and ditches and subsoil drainage for 
agricultural purposes, as well as the 
destruction of waste and woodland, all 
tend to alter the rate at which the water 
falling on the land is conveyed to the 
sea. The observations required to as- 
certain the rate of flow are not likely to 
be made by local bodies elected for drain- 
age purposes with partial jurisdiction, 
local interests, and limited funds. Until 
our rivers are placed under bodies who 
have wider interest and larger funds, and 
who will make systematic observations, 
we shall not know as nearly as we ought 
the quantity of water which the different 
parts of the river channels should be 
made to convey, and yet this is among 
one of the first things which we ought to 
know. I only know of one extensive set 
of observations on the flow of water in 
the River Thames, and they were made 


for the purposes of water supply, and at | 


one place only. 
The channel of a river, whether it be a 
channel excavated beneath the natural 


surface of the land, or a channel partly so | 


formed and partly by banks rising above | 
the surface of the land, should be large 
enough to convey all the water which 
systematic observation has shown it may 
have to convey. Some riparian owners 
are of opinion that floods should not be 
prevented or only partially prevented, 
and as long as any part of our rivers are 
under the control of those who hold such 
opinions, their channels will not be made 
as perfect as they should be for drainage 
purposes... It is generally held that grass 
lands are benefited by being laid under 
water at times, but there must be a 


“wrong time and a right time for so treat- 


ing them. As long as it is left to a 
chance flood to flow over the meadows, 
‘there will be a possibility of its happen- 
ing at a wrong time. Given the water it 
will rarely be beyond the power of the 
‘engineer to distribute it by gravitation 
when it is wanted over any of the lands 
which are now ready to trust to floods 
for their supply. 

In considering the works necessary for 
the prevention of floods, the question 
arises whether the extra sectional area 
required in a river channel should be 
obtained wholly by increasing the sec- 
tion of the channel below the surface of 
the land, or partly by that means and 
partly by embankments. When the fall 
is small, the latter plan must often be 
lresorted to, and also when the flow in 
flood time is very large, as compared 
with the ordinary flow. As there is 
often some saving in making use of 
embankments, there will be a tendency 
to adopt them, more especially among 
local drainage authorities having small 
means. But unless they are well main- 
tained, the first saving is soon swept 
‘away by the damage done by floods to 
which their neglect gives rise. As a 
‘rule, the larger the jurisdiction of the 
authorities having to maintain the banks, 
the better are they maintained. This is 
noticeable on the Witham, where the 
worst banks are those kept up by small 
local drainages. 

Although it is safer to depend on a 
channel excavated below the surface of 
the land which lowers the flood line, 
embankments might be economically 
‘used, and without the danger which so 
‘often now attends them, if rivers were 
under wider jurisdictions. Formerly 
river channels throughout a great part 
of their length were maintained under 
navigation authorities by the tolls derived 
from the traffic on them. As the inland 
navigation tolls have dwindJed-away since 
the construction of railways, so the 
channels inland are no longer main- 
tained. But although navigation author- 
ities now may pay little attention to their 
inland waterways, large sums are still 
spent in many cases in maintaining the 
lower or tidal portions of rivers, and 
while they do this only with a view of 
navigation requirements, they at the 
same time render the channels efficient 
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for drainage purposes. It is fortunate 
indeed for those interested in land 
drainage that this is so, for they have 
‘often no jurisdiction over the tidal parts 
of their rivers. 

Some districts, however, are not so 
fortunate. On the River Witham not 
only has the inland navigation fallen off, 
but Boston has ceased to be one of the 
chief ports of the country. The river 
channel through and below Boston is 
now often choked up with silt and mud, 
which increases the difficulties and cost 
of draining the lands above. There is 
sometimes 12 feet of silt against the sea- 
side of the doors of the Grand Sluice at 
Boston at the end of summer, so that the 
outlet to the Witham is completely 
blocked up. When the autumn rains 
come suddenly, a flood is almost sure to 
occur between Lincoln and _ Boston, 
owing to this state of things. If Boston 
were a thriving port, the river would 
never be allowed to remain in the state 
in which it is. The drainage authorities 
have only a partial jurisdiction over this 
part of the river, and the funds of the 
harbor authorities are so limited that 
between the two little is done. 

At the mouth of a river the require- 
ments of drainage and navigation are 
much the same. For drainage purposes 
the low water level in the river from the 
sea upwards should be kept as low as 
possible. Generally this end will be 
attained by straightening the river's 
course or by enlarging and regulating 
the channel. But this will at the same 
time increase the rate of tidal propaga- 
tion and prolong its duration, which will 
benefit navigation. The Eau brink cut 
on the lower part of the Ouse was made 
for drainage purposes. It lowered the 
low-water level at Denver Sluice 7 feet, 
which was an immense gain for drainage, 
but it was also a great benefit to the 
navigation. Many cases could be given 
where the low-water level has been low- 
ered far up a river as on the Tay, the 
Ribble, the Lune, by works carried out 
for navigation purposes, and I think it 
will generally be found that the works 
required for navigation may be so de- 
signed as to improve a river at the same 
time for drainage purposes. 

Moreover, although it has been found 
unprofitable to maintain many rivers in 
a condition suitable for navigation, if 


rivers were once again made to fulfill effi- 
ciently the agricultural requirements of 
the adjoining lands, they could, with 
very little additional expenditure in 
many cases, be made available for navi- 
gation, so much is there in common 
between the works required for the two 
purposes. The difficulty of finding a 
good and sufficient supply of water for 
centers of population throughout the 
country is constantly increasing. Water 
from rivers, except when obtained from 
near their source, can rarely be used, 
owing to the filthy condition to which 
they have been reduced by the increase 
of populatign and extension of manufac- 
tures uncontroled by legislation. In 
some districts, as I found to be the case 
in the Clyde valley, manufactories have 
been established high up the purest 
streams, which are now polluted almost 
from their source. 

Much improvement cannot be looked 
for as long as it is left to voluntary 
action to effect it. There is little en- 
couragement to try and prevent the 
pollution of water which flows past your 
door if you are powerless to prevent its 
being polluted to a greater extent before 
it comes there. 

One of the principal difficulties which 
stand in the way of legislation is the 
absence of a body to enforce any enact- 
ments for the prevention of pollution of 
rivers. If, however, a body of Commis- 
sioners were appointed for each river 
basin, this duty is one which might be 
imposed on them in connection with 
their other duties. 

In the case of the River Thames some 
stringent measures were rendered neces- 
sary, owing to the difficulty of finding a 
source of water supply other than the 
Thames for so large a population as that 
of London. Advantage was taken of the 
existence of the Thames Conservancy, a 
navigation authority having jurisdiction 
over the greater part of the Thames but 
none over its tributaries. Their juris- 
diction for the prevention of pollution 
was at first, confined to the part of the 
Thames for which they were the naviga- 
tion authority, and to the tributaries of 
that part for a distance of three miles from 
the river. This distance was afterwards 
extended to five miles, and this year to 
ten miles from the river. The Thames 
Conservancy at once prohibited certain 
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towns on the banks of the Thames from 
discharging their sewage into it. and 
they have taken other steps to improve 
the quality of the water. This is good 
so far as it goes; without it the Thames 
would soon become unfit to supply Lon- 
don with drinking water. But there is 
still a large population living on the 
banks of its tributaries of the Thames 
which is not prohibited from discharging 
sewage into them, but is permitted to 
pollute the water which is drunk by 
three millions of people in London. 

In order to provide the Thames Con- 
servancy with funds to be used by them 
in carrying out the new duties imposed 
upon them of preventiny pollution, Lon- 
don has been taxed through the water- 
works companies, who yearly pay a large 
sum to the Conservancy, so that London 
now bears the whole burden of enfore- 
ing the partial purification of the Thames. 

The purity of river water is directly 
affected by its depth. Weeds, which 
by their decay pollute the water, do not 
greatly flourish in depths over five feet. 
Navigation is rarely compatible with a 
depth of much less than five feet, so that 
any works which may be necessary, as is 
generally the case inland, to maintain 
that depth or a greater one for naviga- 
tion purposes, will tend to benefit the 
water supply; the cleansing of channels 
from mud and weeds is also necessary 
for land drainage purposes. Each water- 
course if neglected may become a source 
of pollution, so that well-regulated land 
drainage works tend to some extent to 
improve the quality of the water. 

Quality is not all that is required in 
the water of our rivers regarded as 
sources of water supply. Quantity is 
also necessary. Weirs for providing the 
depth of water required for navigation 
tend to maintain a large volume of water 
in the river in dry seasons. And gener- 
ally it will be found, I think, that the 
works required to make a river serve 
satisfactorily the purposes of land drain- 
age and navigation will tend to improve 
the quality of the water, and in many 
cases increase its available quantity by 
increasing the storage capacity of the 
river. 

I have endeavored so far, in a some- 
what fragmentary manner I am afraid, to 
show the connection there is between the 
works required to make a river fulfill the 


purposes of drainage, navigation and 
water supply, and some of the evils 
which arise when such works are carried 
out, as is now the case, by numerous 
separate authorities having only limited 
jurisdiction. I will now state what 
appears to me to be some of the require- 
ments for improving the existing state 
of things. Generally I think that Parlia- 
ment’ should make it compulsory for 
each river basin to appoint a body of 
commissioners who should have jurisdic- 
tion over « river from its source to the 
sea, and over all its tributaries and 
sources of water supply. Their powers 
should be exercised for the purpose of 
drainage, navigation, and for the preser- 
vation’of the water and maintenance of 
its purity for the purposes of water sup- 
ply. These commissivners could divide 
the drainage area into districts, so that 
local matters might be referred to local 
commissioners, but it is essential that all 
works should be carried out under the 
general supervision of the central au- 
thority. 

The question remains as to how the 
money should be raised to carry out the 
works to be done by the commissioners 
for each river basin. When large or 
thickly populated districts have to be 
dealt with, any rate or tax must press 
more on some than on others. But it 
ought to be possible to find some means 
of adjusting the cost of maintaining river 
channels in an efficient state that would 
be fairer to all than the present method. 

Every acre of land in a river basin 
either directly contributes its supply of 
water to the river channels or in some 
way affects the supply from adjoining 
acres. As we cannot ascertain the effect 
of each acre on the supply of water, it 
appears to me it would be most just to 
tax each acre according to its value, that 
is, to levy a tax on all the land within 
the river basin in proportion to its an- 
nual value for whatever purpose it is used, 
and whether it be covered by buildings 
or not. 

But as some lands are now subject to 
floods and would be at once improved in 
value by their prevention, such lands 
should, in the first case, be taxed at a 
higher rate, but that when the works 
necessary to prevent such damage by 
floods were once done and paid for, the 


\general fund for the maintenance of the 
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river channels should be raised by an|channels would have to be maintained 
equal rate levied on all land according to | for drainage works alone. Any surplus 
its annual value. might go to the general fund. As re- 

A small rate levied overall the acreage | gards the use of the water the river 
of a river basin would produce a large|channels should be free to all for the 
sum. Taking the area of the Thames purposes of recreation, and as all dis- 
basin at 6160 square miles, or close upon | tricts would pay to maintain the quantity 
four million acres, and assuming the/and purity of the water, all should have 
average annual value to be £2 per acre, |a right to use the water subject to not 
which is probably too low, a rate of one|prejudicing others. Lastly, as regards 
penny in the pound would produce | pollution, no claim for compensation for 





£33,000 a year. 

When a river was once made efficient | 
the navigation as far as purely naviga- | 
tion works are concerned would probably | 
more than maintain itself, as the river | 


desisting from it should be admitted. 
The principle of dealing summarily with 
offenders has already been adopted on 
the Thames and elsewhere. Those still 
offeuding should be similarly dealt with. 


DRAINING AND IMPROVING 1,500,000 ACRES OF DESERT 
LAND. 


By GEORGE WILSON, M. Inst. C. E, 


From Proceedings of the Institution of Civil Engineers. 


In the west of France, close to the im-| 
portant town of Bordeaux, there existed, | 
previously to the year 1850, an immense 
territory of uninhabited desert lands, 
comprising nearly 2,000,000 acres super- 
ficial area, and designated “ Les Landes 
de Gascogne.” The territory is triangu-| 
lar in shape. The base, commencing at 
a point close to the mouth of the river 
La Gironde, extends to the south of that 
river along the shores of the Bay of 
Biscay for a distance of about 140 miles ; 
while one of the sides, passing by and 
about 5 miles distant from Bordeaux, is 
approximately parallel to the course of 
the river La Gironde for a distance of 
about 120 miles from its mouth. 

The desert lands of this territory’ re- 
sembled a vast and nearly horizontal 
plain at an average altitude of about 330 
feet above the level of the sea. The sur- 
face of the ground consists of poor sandy 
soil, without any trace of clay or calcare- 
ous matter in its composition, varying in 
depth from 12 to 20 inches. Under the 
surface soil there % an impermeable 
layer of silicious sand, agglomerated by 
vegetable matter, varying in thickness 
from 16 to 20 inches, forming a sort of 
organic cement, which is known in the 





-ountry under the name of “alios.” The 


substratum under this layer of “alios” 
consists of compact white sand impreg- 
nated with water. There does not exist 
on the surface of the plain any spring, 
nor is there any trace of water during the 
summer. During the winter, however, 
previously to the execution of the drain- 
age works, the abundant rain of that 
coast, experienced for more than six 
months, falling onthe plain, could neither 
flow off its surface, nor percolate suffi- 
ciently through crevices of the imperme- 
able layer of alios into the substrata. 
The water remained stagnant until it was 
evaporated by the heat of summer. Thus 
the constant inundation during the win- 
ter, and the dryness of the hot sandy 
soil during the summer, rendered the 
ground sterile for any kind of cultivation, 


and extremely unhealthy for the inhabi- 


tants and for animals to exist or work on 
it. 

Previous to 1850, several attempts had 
been made, and much money expended, 
in endeavoring to improve and drain por- 
tions of this desert, all of which, how- 
ever, resulted in failures, and caused the 
impression to prevail, that the soil was of 
little value, certainly not worthy the ex- 
penditure necessary to drain and improve 
it for the purpose of cultivation. In 
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1849 a report appeared by M. Chambre- | 
lent, Ingénieur en Chef des Ponts et 


Chaussées, describing the results of com- 
plete studies, surveys, levels, borings, 
&c., of the desert, which he was officially 
commissioned to carry out, extending 
over seven years. From these studies 
the exact physical features of the desert 


were developed, and at once indicated | 
the mode of improving and rendering it | 
profitable for cultivation. It was shown | 
that, upon the whole extent of the ap-| 


parently horizontal plain, there exists 


from the summit towards the valleys ex- | 
tremely regular slopes, but so small that | 


the least irregularities of the ground 


hinder the water from following the nor- | 


mal declivities. 


The average inclination of the ground | 


is about 1 in 1,000, but in some parts it | 
does not exceeed 1 in 2,000, and con- 
tinues always in the same directions | 





it for a forest, and for it to produce trees 
similar to the clusters or “Pignades” 
actually growing. There were, however, 
at the time, numerous objections against 
these deductions as to the practicability 
of the drainage and improvement scheme. 
It was contended that drains cut through 
such sandy ground would soon be silted 
up, from the effects of the wind on the 
sandy plain, and be trodden in by cattle, 
or destroyed by the drainage water per- 
colating through their sides. A further 
objection was urged, that the drains 
would have to be made of such great 
lengths that the water could not be 
caused to flow along them to the distant 
valleys. 

| To meet these objections, and to test 
the practicability of the scheme, it was 
decided to make a trial. A superficial 
| area was selected of about 1,250 acres of 
the desert, nearly on the summit, and in 





towards the valleys without any notice- | the middle of one of the most sterile 
able change or break. The small ir-| parts, being in every sense under the 
regularities on the surface, which hin- | most unfavorable conditions for draining 
der the: flow of the water, are never|the soil. At the time of commencing 
more than 12 to 16 inches above or | operations the ground was covered with 


below the normal slopes of the plain. | stagnant water, so that it was necessary 


Therefore a drain 20 to 24 inches deep, | 
with its bottom parallel with the general | 


slope of the ground, can be made along 


its entire required length without neces- | 


sitating a cutting of more than from 24 
to 28 inches, in order to allow the water 
from rainfall to pass perfectly away. 
Moreover, a ditch extending along such 
sandy permeable ground will drain the 


surface to a considerable distance on | 
each side of it, and as its average inclin- | 


ation will be about 1 in 1,000, the water 
will percolate slowly and regularly to it 
without causing injury to the sides. In 
consequénce of the permeability of the 
surface soil very few drains are required. 

It had been noticed that there existed 
in a few isolated places of the desert 
clusters of fir trees, locally termed “ Pig-| 
nades,” which flourished remarkably well ; 
also that the ground at such places was 
slightly higher than the normal inclina- 
tion of the plain, and was therefore 


drained naturally, and that both the sur- | 


face soil and the subsoil where the trees 
flourished were physically and chemically, 
as shown by analyses, similar to the 
ground of the entire plain. It was thus 
evident that the desert only required to 


be properly drained in order to cultivate | 


to move about on the stilts used in the 
country. The effects of the drains was 
immediately satisfactory. The ground 
was so well drained that during the 
heaviest winter rain no stagnant water 
existed on it, and the water flowed away 
abundantly and with great regularity. 
All the rain water percolated immediate- 
ly through the soil into the drains, and 
none was noticed to flow along the 
surface. At present, although it is more 
than twenty-seven years since these 
drains were executed, yet such is the 
slowness and regularity with which the 
water percolates into and along them, 
that they have not silted up nor have 
their sides been injured. 

Shortly after this trial ground was 
drained, it was sown with fir seeds and 
| acorns, and the results were so satisfact- 
ory that in the following year numerous 
|proprietors of portions of the desert 
carried out similar works, and obtained 
an equal success; and in less than five 
years an area of more than 50,000 acres 
was drained and cultivated for forests. 
As regards the first sowing on the trial 
ground, in five years fir and oak trees 
had grown over the whole area to a 
height of nearly 12 feet, and each tree 
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was about 12 inches in circumference 
above the ground. 

After proving the practicability of 
draining the territory, the important 
question arose as to the possibility of 
obtaining wholesome drinking-water for 
the inhabitants. There are no springs 
of water, and the potable water hitherto 
obtained was derived from wells dug 
through the “alios” to a depth of about 
4 feet below the surface of the ground. 
The bad quality of the water caused 
even worse fevers and other diseases 
than the unhealthiness arising from the 
marshy nature of the soil. Borings were 
made to various depths below the surface 
through the “alios” into the substratum 
of compact white sand, and on analyzing 
the water, it was shown that the water 
increased in purity with the depth. At 
a depth of about thirteen feet from the 


surface the water was practically fit for | 


drinking purposes provided it was caused 
to filter at the bottom of the well, by 
ascending through an artificial bed of 
broken calcareous small stones and clay 
gravel. Wells have therefore been sunk, 
wherever required over the territory, to 
a depth of about thirteen feet, and the 
sides built with masonry laid in cement 
so as to be perfectly and permanently 
watertight. 
ascend the bottom of each well after 
filtering through an artificial layer of 
broken stones (generally the débris from 
dressing the stones for lining the well) 
and clay gravel. The organic matter 
found in the water of the old wells was 
as much a8 yy}yz part by weight, or 
about 2.4 grains per gallon, while the 
water drawn from the new wells only 
contained organic matter equal to syy595 
the weight of the water, or 0.14 grain 
per gallon. 


Extensive portions of the deserts be-| 


longed to one hundred and sixty-two 
communes, and were so intermingled 
with the property of private owners as to 
be a hinderance to the latter carrying out 
their drainage works effectually until 
such portions were drained. To facili- 


tate and ensure the communal posses- | 
sions being drained, and to construct the | 


necessary roads of communication over 
such a large territory, the Government, 
in 1857, made the following special laws: 
“The waste lands of the communes of 


the two departments, La Gironde and | 


The water can thus only | 








Les Landes, shall be drained and im- 
proved at the expense of the communes. 
In case of inability, or refusal on the 
part of the communes, to carryout these 
works, the same shall be done at the ex- 
pense of the State, to be repaid the ad- 
vance made in principal and interest out 
of the produce and cultivation.” The 
law also provided for the construction of 
the roads of communication by the State. 

So soon as the above law was promul- 
gated, a general plan was prepared for 
draining the waste lands belonging to 
the communes, comprising about 720,000 
acres, irrespective of about 864,000 acres 
belonging to private individuals, which 
remained to be drained. The plan com- 
prised the execution of the principal 
canals necessary for receiving and carry- 
ing away the water flowing from the 
land drains. The fixing of these canals 
over ground almost flat presented many 
difficulties. The whole country had to 
be again carefully leveled, which showed 
that the inclination of some portions of 
the plain was not more than one in 2,000. 
The inclinations of the canals had to be 
calculated in such a manner so as to be 
sufficient for the proper drainage of the 
water resulting from a varying rainfall, 
and yet not such as would cause a cur- 
rent injurious to the canals constructed 
through ground of such a sandy nature. 
The main canals in the department of La 
Gironde were 13 feet to 16.4 feet wide 
at the bottom, and their total lengths 
amounted to 1,365 miles. The canal be- 
tween the pools or lakes Lacanau and 
Langourarde, bordering the sand dunes 
on the coast (which had to be constructed 
for a distance of § mile through a marsh 
always covered with water), is 39.4 feet 
wide at the bottom, 6.3 miles in length, 
and has an inclination of 1 in 4,000; 
while the canal made between the pools 
or lakes d’Hourtins and Lacanau, through 
the middle of a marsh for a distance of 


'5.2 miles, is 23 feet wide at the bottom. 


The two last-mentioned canals receive 
the drainage water of 200,000 acres 
superficial area. 

In 1865 the drainage works of the 
communal lands were completed at a cost 
of about 1s. 10d. per acre drained. Out 
of the total area of communal lands 
comprising 720,000 acres, 466,000 acres 
have been sold from time to time to meet 
expenses, so that the funds of the State 
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were not drawn upon. Some portions, 
previous to being drained, were disposed 
of for a sum of fora sum of £537,278, 
which sum was applied for the following 


purposes : 


£ 

acne Duiich Sone dws ewes 35,739 
Sowing land with seed................ 27,272 
Construction of new and restoration of 

old churches ane Lee 
Construction of new and restoration of 

ee ee a ae 27,082 
Construction of new and restoration of 

old town-halls and school-houses..... 65,455 


Subscriptions, subventions and allow- 
ances for the construction of roads... 79,489 
Various expenses—construction of wells, 
removing cemeteries from market 
towns and | ERR 82,471 
Communal funds invested in rentes of 
oa cial auc claiaehadie ane 174,110 


MNS aid caren ceasehuds 537,278 


With the exception of lands situated 
in various parts of the plain, amounting 
to about 70,876 acres, respecting which 
there are, amongst other causes, disputes 
as to the boundaries, the whole of this 
formerly desert territory is now under 
forest cultivation, consisting mainly of 
fir trees. Oak trees, although growing 
equally well, and more profitable in the 
course of time, are nevertheless more 
expensive to cultivate during the first few 
years, and consequently the ground has 
only been to a limited extent used for 
their cultivation. Everywhere and in 
every respect the results of forest culti- 
vation are highly satisfactory, showing 
the most vigorous vegetation and growth, 
and developing equally well each success- 
ive year. The only cause for anxiety 
arises from accidents and losses by fire. 
From 1865 to 1870 serious losses oc- 
curred from that cause, destroying 25,000 
acres of forest. Since 1870 such fires 
have somewhat diminished, and the Gov- 
ernment is adopting special measures to 
prevent these disasters. It might be con- 
sidered that the production from forests, 
comprising an area of 1,500,000 acres, 
would so much diminish the price of tim- 
ber, that profitable markets could not be 
found. Time and experience have, how- 
ever, proved that no fears need be enter- 
tained on this question. Each year the 
purposes and the appliances for the pro- 
duction of such forests increase, and the 
selling prices augment accordingly. The 


timber of these forests is not ‘only sold. 
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in France, but is exported to England 
and Scotland, and even to America and 
Spain. In England large quantities are 


|sold for props, &c., used in coalpits, in 


pieces each about 64 feet long and 34 
inches in diameter. The younger trees 
and branches are sold for the fuel 
throughout France. Large quantities 
are used for making wine cases and bar- 
rels. A mill has recently been success- 
fully set to work, making 1,000 tons of 
pulp per annum, for the manufacture of 
paper direct from the fir tree, which in- 
dustry it is anticipated will rapidly 


‘increase, inasmuch as the pulp produced 


is of brilliant whiteness. Another indus- 
try is being developed in manufacturing, 
by the aid ‘of recent discoveries, rectified 
essence of turpentine from fir trees, for 
the purpose of illumination, the light 
produced being considered superior to, 
and more economical than that, from any 
of the oils or from petroleum. The 
above are some of the objects for which 
the production of the forests are used up 
to the first twenty-five years of their 
growth, after which the timber is sufli- 
ciently large to be applied to more ex- 
tended purposes, such as general carpen- 
ters’ work, sleepers for railways, tele- 
graph posts, &c. For the latter purpose 
large quantities are already being used 
in France, and exported to Algeria and 
Spain. In 1877 the timber on a plot of 
ground of 11 acres superficial area, which 
was in its twenty-eighth year of growth, 
was sold for £192, equal to £17 9s. per 
acre; but this plot of timber was favor- 
ably situated for being carried away. 

At an average age of thirty years the 
present forests, comprising 1,514,110 
acres, are estimated to produce timber 
worth at a minimum price £9 15s., and 
in seventy years £32 10s. per acre, re- 
spectively equivalent to a total value of 
about 143 and 49} millions of pounds 
sterling for the produce of those lands 
which were recently a desert. This val- 
uation is based on the probable casual- 
ties by fire, and would consequently be 
considerably higher if the dread of losses 
from that cause did not exist. 

Independently of these satisfactory re- 
sults, the drainage of the desert, and the 
construction of d eper wells for the sup- 
ply of wholesome drinking water, have 
changed the district into one of the heal- 
thiest in France; whereas previously, the 
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inhabitants suffered constantly, from 
fevers and other fatal diseases, causing 
the death-rate to be exceedingly high. 
The maintenance of the main canals, of 
a total length of 1,365 miles, is under the 
inspection “of the administrations of the 
two departments, La Gironde and Les 
Landes, who give orders to the mayors 


of the communes and proprietors of 
lands bordering the canals to clean them 
out when necessary, or to remove imped- 
iments in them from whatever cause, in- 
asmuch as it is of importance that canals 
of such great lengths, small inclinations, 
and dug in sandy soil, should always be 
maintained in good order. 





ELEMENTS OF THE MATHEMATICAL THEORY OF FLUID 
MOTION. 


By THOMAS CRAIG, Ph.D., Fellow in Physics in the Johns Hopkins University, Baltimore, Md. 


Written for Van NostTRanp’s MaGaZInNeE. 


V. 


The next case of vortex motion that 
we shall consider is that in which the 
vortex lines are circles having their cen- 
ters in the axis of z. The direction of 
the axis of rotation of each fluid particle 
will lie in a plane at right angles to z and 
be parallel to the tangent to the vortex 
line at that point. The reader will do 
well to observe the motion of a ring of 
tobacco smoke; he will see that the ring 
seems to be turning inside out, each 
particle moving in a plane passing 
through the axis of the ring and revolv- 
ing in a circle whose axis is in the direc- 
tion of the tangent to the ring. He will 
also observe that there is no motion 
around the axis of the ring. Now if we 
introduce polar co-ordinates p and 9 we 
have, evidently, 

e=pcosS y=p sind 
and for the rotations we may obviously 
write 

§=—A sin S, n=A cos 9, f=0, 

when A is not a function of 9. The 
equation of the path of the particle is 
evidently one between a, y, z where z and 
y are connected by the relation 


p=/iry 
so that the equation of the path can be 
made to depend only upon p and z. Re- 
suming now our equations 

aqw dV _ dv 


u=——- — —, v= -- — 
dz’ dz 


dy 


aw 

da.’ 
_dv 
~ dae 


dU 
~_ 
and observing that 





— dt 
we Qn’ 

these give 
W=0, piece. v= eS i 

dz dz dy 
If now we assume an element dr’ given 
by the co-ordinates S’, p’, 2’ and for 
which A becomes A’; also denote by r its 
distance from the point (, 9, z) or (x y z). 
Now our equations for U and V are 


~ - f= — alae f= sin 9’dr’ S’dr’ 


1 /n‘dr' 1 dN’ cos 9’dr’ 
aad r On r 


When 
dt’ =dzx' dy’ dz'=p'dp’ dz dS’ 


_aV 
dx 


V= 


and 
r= 4/(z'-z)'+ p'+p"—2pp’ cos (S’-S) 
Now make for convenience 
S’-—S= 


this gives S’= p+ 9 and dS’=d@ there- 
fore we have again for U and V, 


U=—- gS ip fu f 





\’'[sin pg cos $+cosp sin S]dp 


WV (e'-2)' + p+ p"—2pp' cos p 


1 , , ‘ay? 
A [sin ‘p sin S—cos gp cos S]dp 
Vea)" + p+ ppp! cos p 
In both cases we have the integral 
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x sin p dp 

V/(2'—2z)? + p*+ p"—2pp'cos p 
this is to be taken between o and 27, 
these being the limits of S’—9, 
2x 


a 





ne: sin pd p = 
a/(z'—2)? +p? +p" = 2pp'co —? 





22 

=log,/(z'—z)’+ p* + p”—2pp'cose) 

1 2 + p+ p" 
= =% og 8 

and our expressions are thus reduced to 


oy mnrn 


A’cos p sin Sd 





at ee. 


V (e—2)* + p+ p"—2pp'cosp 


as 


z’—z)*+p*+ p”"—2 pp’cos p 
Denoting the common integral by ® we 
have 


aoe se val fi W Osin 8 
V= aS eae! 


® will clearly be of the form 


D(z’ —z, p, p’). 
U and V now differ only by a factor, in 
fact we have 

V= 
So if we write 


P= PS SS papand 


we will have briefly 
U=—P sin 9, 
V= Pecos 8. 


The value of the function @ is not diffi- 
cult to obtain; we have 
cos pd @p 


a 
= - ed 
STS +p’+p"—2pp’cosp 
We will find the integration much sim- 
plified by the introduction of a new vari- 
able Y defined by the equation 


¥..*-? 


A'cos pcos Sd p 








dz’ XN’ Geos S 


—U tan 9. 











Then we have 
cos p= —[1—2 sin’ Y 
cos pdg= ‘1 — 2 sin*y dy 
and for the limits we have when Pp 
1 a : ‘ 
=(0,20),0=(4 “7 ) Making this 
transformation we have 


[1—2 sin*¢]dy 


z'—2)* + p+ p41 2pp'-4ppsin*y 





__— [1-2 sin’ Vd 
V/ (z’-z)'+(p+p’)*—4pp’ cos P 


4 
sgt 


0 





db 


V/(@-2)' + (p' +p) V 1-3 


ft 


0 





4 ops sin VY 


2 
~ 


2)" +(p’ +p)? 


2 sin?” dy 


Tea + + 
Make, 





4pp'sin® VY 
(2’-z)*-+(p'+)* 


4pp’ = 
(2’-z)*+(p'+p)* — 





then 
1 


(p +p) 


k: 
24/ pp 





V/2' —2)? 
then 


dg 
vi- k* sin? yb 


c”, 


a 
2 


= f 2 sin?) dy 


V/1-k? sin? y 


2h 
* pp pp'* 


The first of these is the iil elliptic 





2 


integral of the first kind; we will, as 
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usual, denote it by K. Examine now the 


second integral; we have on multiplying 
it numerator and denominator by k 
a 
3 

k? sin? gdp 

V/1-k? sin? 
0 

4 


2 
1-(1-k? sin* Y) - 
/1-k* sin? re 


= 
ka/ pp! 


ss - 
= ka/ pp’ 
7m 
2 
4 
~ka/ pps 


dy 
V/1-k? sin? ¢ 
nd 
2 
4 
= gig S vce a0 


The second of these is the elliptic inte- 
gral of the second kind and denoted by 
E; we have then finally for @, 





a K etna K mm E 
7 ~ / pp’ TE V/ pp Ka/ pp’ 
or 
2 2 K 2 E 
--2_\(2_ x22! 
. van k k 


and — 


= ESSE (i *) K-58} 
dp’ dz’, 

er. 2 " 9 
= S¥ YEN (G-*)- 5 


sin S dp'dz’s 
2 2 
p \(5 = :) r 
ray: k )K 


Assy | 
cos S dp'dz’. 


kf 
In the function that we have denoted by 
® we see that the derivatives taken for 
z and 2’ have the same absolute values 
but opposite signs; consequently 


S fm a ppl de do'=o 


when — But we have also 
dP _ = 
Pgs mi 
E> a J ¥"s — do" 





dP 
Jp i Ado=o. 


But we have for the energy T the equa- 


tion 
T=/dr(UF + Vn) 

Substituting for U,V,& and 7 their values 
this becomes, 

T=/PAdt=///PApdpdzd$ 
integrating with respect to 9 from o to 
27, and writing again dpdz=do, 

T=22/Ppldo. 
Substituting for P its value we have 
T=/@pp' Ad' dodo’ 


when of course do and do’ denote the 
cross sections of the vortex filaments 
under consideration. Let S denote the 
component of velocity in which p in- 
creases: 
S=V/u? +v? 

which is the same as 

u=S cos 9 v=S sin 9. 
But 


therefore 


Now for w we,have 
dv 
v= — 


dz 


_dU 
dy 
and substituting for U and V their 
values. 
This gives 
dP +P 
dp af 
d(Pp) 
dp 
and we may also write 


—Le) 


wo= 
or 
wp= 


dp_ 


dz 
these we have the 
dP 


= A do=o,in the form 


Ps psido=o 


sp=— since =o. 





From 
Je 


and also 


equation 





therefore 
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dp andw= dz 
at dt 


Soi rian 


s= 


therefore 


and since for each vortex filament Ado is | 


constant this gives 
Sp? Ado=const. 

Some other interesting forms may be 
given before we proceed to the examina- 
tion of a special case. We had 
——_ 

(2’—z)? + (p' +p)? 
Taking logarithms this becomes 
2 log k=log pp’-log [(z’-z)* + (p’ +p)? ] 
Differentiating with respect to p and z we 
obtain 


2 


2 dk __(2’—2)? +p’*—p? 
Ede =O HOF 
2 dk 22(z2 
k°ae @ = er ee 
consequently, : 
2 | ,dk) _2* —2z* + p’*—p? 
kl “as @ —2)? +(p’+p)? 


The denominator of this second member 
does not change by the interchange of 


ch AD dk 
dz dk dz 


Consequently the above quantity assumes 


the form 
d® d®@ 1 


Pip * a ts; 


And by virtue of the property proved for 
this quantity we know that 


o= SS 05, + Zz 3 


da +30) 
But we have 


pp’rAnr’ dodo’ 
Pap f fv p’dp'dz'® 


7 
2 = ae P)pldo=o 
dz §-s 


p 


therefore 


J (e 


Since now 


dP 
dp 


dP _UPP)_p 
dp dp 
and 
wp=VEA) 4. @P 
dp dz 


| this equation becomes 


accented and unaccented letters, but the | 
numerator does change its sign, also k) 


does not change by “making the same 
transfer, therefore 
dk ae 


dp 


dk 
dz 


assumes the opposite value by writing | 
the accented letters in the place of the | 


unaccented and vice versa. If from the 
value of g@ in terms of K and E we obtain 


owe will see that this quantity does not 


alter by the interchange of accented and 


unaccented letters, consequently the 
quantity 

dD/_ dk +2) 

ud? dp” de 


1 
— ZS Ad —-o- Ad = 
S (wp zs) pido - [Pp c=0 


J (ep—2)phdo=— r 


We will now introduce the comple 
mentary modulus 4’ defined by 


or 


kf? +k?=1 
we have for this ye 
t=) uta = )? +(p’: —p)? 


(2 =2)3 +(p' +p)? 
If & is very nearly equal to unity, that is, 
if k’ is indefinitely small we see that ® 
will be of the same order of magnitude 
as K, and again, that P will be of the 
same orderas 2. We will examine the 
order of K on the supposition that x’ is 
infinitely small. Since %’ is indefinitely 


small, we have, neglecting higher powers 


assumes the opposite value after the in-| 


terchange. We have by partial differen- | 
tiation of ® 
dd d® dbdk 
dp~ dp* dkdp 
_d&dk 1@ 


~ dk dp” zp 


than the second, 


k=/1-k* BP a1 > k" 
Now 
, . 
2 
ins —_ 
/1— sin? ~ 
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pend on E as for & nearly equal to unity 





2 we have, 
=f dy 
Y VW1—sin?g +h? sin®¢ | ard cos ¢ dy=1 
x | 
3 Representing ‘a elliptic integral of the 
di | first kind as is = by F, we have 





V/ cos a4 ky sin’ y dy 
or, by Sntpaiiaatiai an indefinitely — r= /. Wi—-k 


quantity ¢ which is, nevertheless, indefi-| k*sin? ¢ 
nitely large as regards i’, /and also , 
x | } - 
| (1—K* sin? ¢) dy. 
dy | d 
K= / _veosty » + h/2 sin?” 'D Differentiating for 4%, and writing 
| /1—K sin *>=4 
7 d¥ af sin? dp 
- dk i 
2 ’ | dE _ Kk sin? dp 
7 | am SJ a 
“S ear ans 


1 
| Now writing sin? >=: = aa (1 —4*) we see 


Write now in the first integral 5" 6 in| that these two siihibe depend on 











in place of Y: since throughout the in- | S49 dp B Ad, dp. 
tegral 6 is small the integral becomes a’ 
é do ‘the two first of these are F and E 
¥ Vk? +k oy as regards the third, we 
ave 
= 5 bg + Vk? + he | d sin cos ¢ _1—zsin’ +k sin*y 
Al | a a a 
or since k’ is infinitely small with regard | - 
1 2ke 2e. 1 singdecosy_4‘—k? k? 
= or = log — a oe ee 
to ke this is= i log B 8a | k ip , a A4- 7 
In the second integral %’ sin ¢ is| and thence by gee 
throughout small as regards cos ¢ and | dip K?sin sb cosy 
this integral is 7 = a 
-d dE dE 
20 The expressions for Tk’ and TE’ thus 

Vs a log tan | 30 ! “—". 

o” cos ”y } - de wee} & sin yw cos 
or what is the same thing=log = i hk ~ ARE 
Hence we have dE_1 | r 

| dk =k EF 5 
| 


2e 2 4 
K= log = zt log == log = EB and for the complete functions when 
Consequently for ae indefinitely small we | v=5, 
see that K is indefinitely large, and 2) 
and therefore P are indefinitely large of | dE_ —=(E-k'2F] 
the order log k’. Of course does not de- dk =H 
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dE 1 

ak =e] 
When #’ is indefinitely small the first of 
these is of the order es 
by x’. Now we have obviously if %’ be 
indefinitely small on 

dk 

1 
Rr 


and the second 


is of the order 


We had also 
dk k(z’-2) 
dz~ (2-2)? + (0 +p)? 
dk_ k (2-2)? +p'*-p? 
dp 2p (2'-2)* +(e’ +p)? 
These quantities are of the same order 





ask’. Therefore 
d® d®dk1i 
dp dk dpz p 
and add d@&dk 
dz ~ dk dz 


are of the same order as > By the aid 


of these preliminary investigations we 
will now proceed to the examination of 
the case when only one vortex ring exists 
in the fluid, and will further more sup- 
pose this ring to be of indefinitely small 
cross section and of the same order of 
magnitude as the indefinitely small 
quantity €. 
fore 
m= fide 
as m will be finite and as do is of the 


As- 


sume the equation of a circle such that 
the fluid elements of which it is composed 
shall lie indefinitely near the vortex fila- 
ment. Let its equations be 


P=P, ZZ). 


order ¢, A must be of the order =: 


m 


We had 
57, PPP 


1 a i os 
P= f /Vp'd' paz d= 
i (2—2,)ep,) 


for all points lying at a finite distance 
from the circle. For these points by aid 
of the equations 





z 2 ——_— 
o=*_} , ~#) K- iF 
Tan AM « 

— (Pp) ,,,_ Pe) 
— ae a 





We may again write as be-| 


| we can find the values of sand w. Buta 
| difficulty exists inasmuch as p, and z, are 
'functions of the time and as such will 
have to be determined, and to that end, 
it is necessary to consider the points that 
| lie indefinitely near the circle, or points 
in the vortex filament. 

| Suppose that the two circles (p, z), (p,, z,) 
|are ata distance apart, that is of the same 
‘order as ¢. If we call r the distance 
between them, we have 


r? =p* +p,? —2pp,cos $+ (z, —2z)? 


| 
1 


|or since $ is indefinitely small 


| r? =(p—p,)* +(z-2,) 
| this is of the same order as i’? therefore 
k’ is of the same order as ¢—therefore 
| by our preceding investigations we see 
that P is of the same order as ® when i’ 
|is of the same order as ¢. And also that 
|P is of the order log. ¢. We had for the 
| energy 
| T=22/Ppido 

| therefore T is of the same order as log. é. 
|The preceding investigations taken in 
connection with the equations 


_ UPp) _d(Pp) 
dz’ ~ 


dp 
show that inside the vortex ring s and w 


9 
- 


| 


| sp= 


wp 


1 [ae 
are of the-same order as—- We will now 


| examine more closely p,andz,. We have 
pZ2frlo=fptido 
z,/ p®*Ado =/zp*iAdo 


|We assume that A is constantly of the 
/same sign, consequently the circle (,, z,) 
lies either in or indefinitely near the 
vortex filament. 

Now we found that, Ado not varying 
| with the time, 


JS p*Ado=const. 


| consequently p, does not vary with the 
‘time. That is, if only one vortex fila- 
| ment exists in the fluid its radius will re- 
jmain unaltered, during the motion. 
‘Now to examine We have the 
equation 


ef pido= sp? Ado 
J hdo=m 


2 


*,° 
° 





from these 
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m pr2,= f 2ptddo 


Differentiatizig with respect to ¢ 


lz, ‘a dz dp 
itp, 7 =f at Mdo+2 fzp we le 


But we had also 
1 
;T= JS (wp-s2)phao 


=f" > ddo- fp? 


dz hg do 
= ? 2 pes Zz, one A lo 
we de J —_— 


i 
of ido 
dt 


consequently 


dz, 1 
mp,* —* 


do 
—— T+3 VE, — Ado 
dt 4x de 
T, we have seen, is constant and infi- 
nitely great, of the same order as log ¢; 
the difference between the values of z, in 
the second member, we know to be of 
the same order as ¢, and we have seen 


Ip . 
that a is of the order of = conse- 


dr 

quently the second member of the 
right hand side of the equation is finite. 
Z, 
it 
great of the order of log ¢, and, neglect- 
ing the finite term — is constant. Since 


Therefore, it follows that ““* is infinitely 
c 


; ab dz 
T is positive, a must have the same 


will move with referénce to each other, 
by observing that each will have its mo- 
tion modified, due by the motion of the 
particles of fluid, due to the rotation of 
the other. Suppose that both rings 
have the same direction of rotation, then 
they will both move forward in the same 
direction, and the former will widen and 
move more slowly, while the latter will 
contract and move forward more rapidly, 
finally overtaking and passing through 
the former, when the same operation will 
be repeated, the rings continually chang- 
ing position throughout the motion. 

Suppose that the vortex rings have 
equal radii, the result is not changed in 
the case of the same direction of rota- 
tion existing for both. But now let 
them equal radii, and equal but opposite 
angular velocities; they will approach 
each other, and both will expand—ap- 
proaching very near the effect of one 
upon the other is greatly increased— 
and they expand with constantly increas- 
ing velocity. 

Now suppose that the rings having 
/equal and opposite angular velocities, 
are symmetrical to each other. Then 
the motion in the direction of the 
axis of those particles that lie midway 
between the rings is 0. We can con- 
ceive this surface in which these particles 
lie as a fixed boundary, and we have the 
case of vortex rings moving in contact 
These rings can be 


| with a fixed surface. 


sign as m, i. ¢., aS A. Thus, if only one readily formed in water; or. rather, half 
vortex ring exist in the fluid, it will re- | rings can be formed, if we draw through 
tain its radius unaltered during the mo-|the water rapidly, and for a short dis- 
tion, and will advance in the direction of ‘tance, a half immersed hemispherical 

vessel. Half rings will be formed in the 
’ | water, having their axes in the fine sur. 
as this vortex motion implies motion in | face of the fluid, which will move exactly 
all the particles of the fluid we have, that |as described in the theory. The free sur- 


the axis of z with the velocity < Now 


all the fluid particles at a finite distance | 
from the filament flow through the ring 
in the direction of z, or the reverse, ac- 


\face of the water will form a limiting 
|plane, passing through the axes of the 
rings, and will not affect the motion. 


cording to the sign A. If S=o0, we have | Rings of tobacco smoke have a rapid mo- 
A=y, and, according to the con-| tion forwards in the direction of and due 
vention for positive rotation we have,|to the impulsive force which produced 
that the motion in the direction of z will| them; at the same time the ring flows 
be positive, if, in the case =o, 7 is pos-| through itself in the direction of the mo- 
itive. Therefore, it follows that the ring | tion of translation. 

is moving in the same direction as the) It is very interesting to observe the 
fluid particles are flowing. I will now/motions of smoke rings, and for this 
give the concluding remarks of Helm-| purpose the following simple apparatus, 
hotz’s great memoir as nearly as may be. | which has been described in a great many 
We can now readily see in general how/ places, will be found useful: A rough 
two vortex rings having the same axis | box, about ten inches long, and the same 
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height and width, is large enough; one 
end of the box to be open, and over this 


stitch a piece of cloth or rubber; make a| 
hole, about three inches in diameter, in | 


the opposite end of the box, and a num- 


ber of slides having smaller holes in| 


them, to be placed over the larger open- 
ing and concentric with it. 


on which pour strong sulphuric acid; 
and also place in the box a piece of cot- 
ton saturated with ammonia; fumes of 
ammonium chloride will immediately fill 
the box. Now tap on the stretched mem- 
brane; rings will issue from the hole in 
the slide at the opposite end, and will 
move forward with velocities proportional 
to the force of the blow struck. A very 
light tap is all that is necessary, and, in- 
deed, is all that can be given, if it is de- 
sired to investigate the motion, as, other- 
wise, the rings move forward with such 
velocity that ‘they can scarcely be fol- 
lowed with the eye. If the rings are al- 
lowei to impinge upon a surface, the ro- 
tational velocity is suddenly increased 
very much, and the rings thus spread out 
over the surface. 

The same effects will be noticed if two 
rings be allowed to’ meet each other in 
their motion through the air. If the ori- 


Now place | 
inside of the box a vessel containing salt, | 


fice be elliptic, the rings will be seen to 
interchange rapidly their axes, vibrating 
about a mean circular position. 

If bubbles of phosphuretted hydrogen 
be allowed to escape into the air, each 
bubble, as it breaks, forms a vortex ring 
of phosphoric anhydride, which is com- 
posed of a number of small rings. 

The reader is advised to read, on the 
subject of vortex motion, Sir William 
Thomson's paper in the Edinburgh 
Transactions for 1869; also an article by 
D. Bobylew, in the Mathematische An- 
nulen, Vol. VI., in which he shows that 
the equation wk= const. is true not only 
for frictionless fluids, but also for those 
in which the friction has to be taken into 
account. 

The following articles will also be 
found to contain much of interest: On 
the Motion of Water in a Rotating Rectan- 
gular Prism, A. G. Greenhill, Quarter/y 
Journal of Mathematics for Nov., 1877; 
on Plane Vortex Motion, by the same au- 
thor, and in the June number of the 
same journal for 1877. There are also 
several interesting articles in the Messen- 
ger of Mathematics for the year 1878, 
notably one of vortex motion in elliptic 
cylinders; and on the motion of a liquid 
in a rotating quadrantal cylinder. 





SANITARY WARNINGS FROM HIGH PLACES. 


From “ The Builder.” 


Ix the destructive course of the cholera 
through India, it was remarked by some 
observers that the pestilence seemed to 
come from below. Not only were the 
inmates of houses at the foot of a hill 


attacked sooner than those towards the | 


summit, but the fowls and other small 
animals, naturally abiding on the surface 
of the ground, sickened and died some 
days before dangerous symptoms broke 
out in the human inhabitants. If this 
statement be thoroughly reliable, it is of 
no little value, both as affording a warn- 
ing, and as indicating in what direction 
the sanitary engineer should look in his 
precautions against the danger intimated. 
Exhalation, in one word, is, at all events, 
one sign or cause of danger, in local and 
epidemic diseases, and the remedy against 


| mischievous exhalation is, not only drain- 
age, but proper regulation of the entire 
water régime. Baking ground, in some 
cases, has proved even more sickly than 
swamps. 

It is not, however, from the lower 
levels, either physically or socially re- 
garded, that the most serious warnings 
to provide against future mischief now 
leome. The remark which has more than 
once been made in our columns of the 
mode in which that subtle and dangerous 
malady which now takes the form of diph- 
itheria, and now that of enteric or ty- 
|phoid fever, chooses its victims among 
the very flower of society, has received 
'fresh illustration. In the past few weeks 
fatal blows have been struck in two royal 
| houses, in that of the Prince Royal of 
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Prussia and in that of the Duc de Mont- 
pensier. And the alarm thus caused is 
intensified by the recollection how many 
of those who could so ill be spared have 
been carried off within the last few years, 
from the palace and from the castle, by a 
disease which we profess to believe is 
preventible by the engineer. 

It is to be hoped that the true lesson 
will be drawn from these repeated ap- 
pearances of what we must regard as 
malarious diseases in the homes of lux- 
ury. It would not be unworthy of the 
Society of Arts to direct a special investi- 
gation to the subject. If we venture on 
a few hints, it is rather as indicating the 
line of inquiry that the public welfare 
seems to demand, than as at all antici- 
pating the result of an inquiry of which 
the need has become very urgent. 

Predisposition to attacks of this nature 
may prove to be either personal or local. 
It is not clear, but it may be suspected, 
that there is some element at work, in 
the present state of civilization, which 
renders the more gently nurtured, or 
more highly cultured, members of society 
specially unfitted to resist malarious in- 
fluences. Connected with this must be 
borne in mind the manner in which the 
external atmosphere is more and more 
kept out from our houses. Doors and 
windows close better, draughts are more 
carefully excluded, than of old. Appli- 
ances are introduced for artificially warm- 
ing the passages and vestibules, the 
natural function of which places is to 
afford a graduated transition from the 
warm atmosphere of a chamber to the 
external temperature. Clothing is much 
more complex than was formerly the case. 
In the time of our grandfathers a man 
was called a puppy if he wore an over- 
coat. What would those hardy gentle- 
men have said to the “Ulsters” of the 
present day? or the sealskin jackets and 
coats? Human habit is so much modified 
by circumstances, that the adoption of all 
these safegards against an occasional 
chill may have a direct tendency to lower 
the resisting power of the constitution. 
And there are well known facts that 
square with this view. Such is the in- 
fluence on the constitution of the pro- 
longed heat of tropical or sub-tropical 
countries. Even in Italy, where the ther- 
mometer rarely rises above 96° Fahr. in 
the middle of the summer, this effect is 


more perceptible. Those who can fly to 
mountain heights or cool spots invariably 
do so for about six weeks in the summer; 
those who cannot do so (we now speak of 
foreigners resident in Italy) disregard 
the first hot season, and laugh to see the 
natives slowly slinking from shade to 
shade, and never moving without an um- 
brella,—truly so called, when used not 
against rain, butagainstsun. The second 
season, however, becomes more serious. 
The third still more so; and a succession 
of summers, even as far north as Naples, 
is a very severe trial to an Englishman or 
a German. The body seems to dry up, 
the hair to become like hay, and old age 
to advance with untimely speed. No one 
who has had experience of the matter will 
deny that this is the general rule. The 
inference is not unnatural that the greater 
comfort, as we regard it, at all events the 
more sustained heat, which we are steadily 
giving to our abodes, is really tending to 
lower our constitutional power of resist- 
ance, not only to the great tonic, cold, 
but to those influences against which that 
tonic has the prime function of strength- 
ening the frame. 

When we note, further, that it is so 
often in the palace and the noble mansion 
that the outburst of the fatal malady oc- 
curs, this view of the case is yet further 
supported. The first point, therefore, 
for the inquiry of the scientific physician 
is, how far do greater habits of luxury, 
avoidance of cold, late hours, gas, car- 
riage exercise in lieu of walking or of 
riding, and luxury of food, sap and un- 
dermine the vigor of the individual, and 
thus, in an increasing ratio, the vigor of 
the race? And if this prove to be the 
case, is there no Lycurgus to be found 
to raise the cry of “Health before ease 
and luxury?” 

The second point regards the sanitary 
condition of our houses themselves. 
This is a different thing from the effect 
of luxury on the frame. It may be pos- 
sible, or at all events conceivable, for a 
great house to be so built, and so tended, 
that a given temperature, let us say 66° 
Fahrenheit, may be constantly maintain- 
ed through vestibules, corridors, stair- 
cases, and rooms; and at the same time 
that the ventilation shall be such as to 
change the air with sufficient rapidity, 
and to prevent the entrance of any 
poisonous gas. But in our variable 
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climate the cost of the provisions for 
this purpose would be great, and the 
necessity for constant supervision would 
demand attendants of a high degree of 
education to be detailed for this special 
service. As it is, warmth is too fre- 
quently secured at the cost of pure air. 
The products of the combustion of gas, 
and the minute quantities of gas (where 
this mode of lighting is allowed in sitting 


or sleeping room) that escape unburnt, | 


either from the pipes, the fittings, or the 
burners, are constantly vitiating the 
atmosphere of the house. Our own 
experience is that plants will never thrive 
in a room in which gas is burnt. If such 
be the effect on the vegetable tissue, what 
must be the case with the more delicate 
tissue of the lungs? We know houses 
where sore throat is frequent, almost 
constant, during the winter, and from 
which we believe that it might be ban- 
ished by cutting off the gas, and having 
the windows regularly opened in all 
weathers. 

Then there is the great danger attend- 
ant on the water-closet system. We are 
not about to propose any Utopian reme- 
dy. We do not deny that in this system 
we have, all things considered, the best 
yet discovered for the removal of the 
debris of organic change from large 
cities. But it will not do to shut our 
eyes to the fact that the system is 
attended with great danger. The slight- 
est irregularity—stoppage, leakage, frost, 
want of water, too much water, incurs the 
risk of turning a fatal exhalation of sewer 
gas into the house. Sometimes this 
arises from external causes alone, quite 
beyond the control of the residents. An 
irruption of gas may occur in offensive 
quantities. This, horrid as it is, is far 
less dangerous than a more subtle and 
gradual escape. Sometimes it is the very 
effort to ventilate the sewer that provides 
a stream of fatal gas to dribble down an 
unused chimney, or to lurk under the 
eaves of the attic stories. Sometimes, 
and that more especially in large hotels, 
it is sheer* neglect. We know one in- 
stance in one of these buildings, which it 
would not be proper to particularize, of 
this nature. A child, heir and hope of 
his family, was staying with his parents 
at this place for a day or two. The 
mother discovered the neglected state of 
one of the closets, to which the child had 


been taken, and the family left the house 

forthwith. It was too late; the seeds of 
the malady had been sown, and diphtheria 
very soon carried off the only hope of his 
parents. We speak of one instance with- 
in our immediate circle of acquaint- 
ances, and within a very few months. 
How many deaths are due to the like 
cause? How many, for that matter, to 
this identical source of mischief? 

In referring to this we may, it is true, 
be reverting to advice formerly given in 
|our own pages. The story of sewer-gas 
|poisoning is not new. But it is none 
'the less important to bring the subject 

before our readers in its proper connet- 
tion. Weare attempting to account for 
'a very threatening phenomenon. It is 
one that has for some time been de- 
nounced, but that seems to be increasing 
in virulence, from year to year. The 
evil must be either essential, or accident- 
‘al. It must spring either from the in- 
creased power of mischief, or from the 
decreased power of resistance. In our 
Opinion it is due to the combined influ- 
ences of both causes. Habits of luxury, 
or, if we may even not go so far as that, 
| habits of delicacy, are, we fear, impairing 
| the constitutions, especially of the richer 
classes. The provision for those habits 
is affecting the salubrity of our dwell- 
ings. That both these influences are to 
some extent, at work, we think, is unde- 
niable. Is it not high time that the mat- 
| ter should be looked in the face? 

| With regard to the question of house 
ventilation, the scheme has recently been 
put forward of a large and lofty chim- 
ney, connected with a block of houses, 
which by its draught should sweep and 
purify the entire block. There is some- 
thing very fascinating in this idea, espe- 
cially to those who are practically aware 
of how well chemical works can be kept 
pure by a lofty chimney. It may be well 
to look, for a few minutes, at the leading 
‘facts that would determine the size and 
number of such chimneys. We lately 
gave a brief account of the highest chim- 
ney in the world, one of 468 feet high, at 
the Port Dundas works, Glasgow. The 
circular area of the tube of this chimney, 
at the top, is under 88 square feet. This 
chimney was built with a taper, the pro- 
priety of which is questionable, as, in 
order to utilize the larger part of the 
diameter a higher velocity is requisite 
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through the narrower part of the chim- 
ney, while the disposition of the air will 
be to lose velocity as it cools. But, 
taking the 88 feet of area, and allowing a 
velocity of 33 feet per second (which is 
equal to 224 miles per hour, or that of a 
stiff gale) to be attained, 118,800 cubic 
feet of air would pass through the aper- 
ture per minute. As a check on that 
valeulation we take from Mr. D. K. 
Clark's valuable “Manual of Rules, 
Tables, and Data for Mechanical Engi- 
neers” (p. 927), the maximum quantity 
of air discharged per minute by a Guibal 
fan, working at Staveley Colliery, of 30 
feet diameter and 10 feet wide, which is 
110,005 cubic feet per minute. To attain 
the speed of 33 feet per second, a press- 
ure of 15.5 lb. per square foot must be 
maintained. The quantity of atmos- 
pheric air required for the consumption 
of one ton of coal, of average quality, is 
313,600 cubic feet; so that a chimney of 
the area indicated, provided such a 
draught could be maintained, would 
effect the consumption of a ton of coal 
in a little under three minutes, or 22 
tons of coal per hour. Taking eighteen 
hours out of the twenty-four for the 
combustion, we obtain close upon 400 
tons per day, or 146,000 tons of coal per 
annum. If we allow a ton of coal per 
unit of the population per annum, this 
would require from twenty-four to thirty 
such chimneys for the whole of London. 

But when we come to look at the ques- 
tion of ventilation, for the purpose of 
respiration, it will at once be seen how 
inefficient this powerful draught would 
be to discharge the functions of our 
present wasteful and inconvenient chim- 
neys. According to Mr. Bailey Denton, 
in his first letter on sanitary engineering 
(p. 2), 23,000 cubic feet of ordinary air 
are required per individual per twenty- 
four hours in order to keep the vitiation 
of the air below 1 per 1,000, at which 
point impurity becomes perceptible to 
the nose. Allowing only eighteen hours 
to be spent within doors, either in bed- 
rooms, houses, or offices, we shall find 
that the 824 million cubic feet passing 
through the hypothetical chimney in that 
time would only provide for the ventila- 
tion requisite for a little over 47,000 
human beings. Three times as much 
ventilating power, therefore, is required 
for keeping the chambers of a house 
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pure, as is requisite for maintaining 
combustion of coal at the allowance of 
one ton per inhabitant per annum. And 
no provision is made for the products of 
combustion of gas or other artificial 
lights. 

We need not add together the two 
quantities; as the partially vitiated air 
would to a great extent serve for com- 
bustion. But, all things considered, it 
would seem that a chimney possessing 
as high a power of draught as we have 
named would be requisite for, at least, 
from every 33,000 to 40,000 of popuia- 
tion, supposing the whole of the venti- 
lating arrangements to be brought under 
proper control by its means. As to the 
details of these arrangements, we cannot 
at present find space for discussion. But 
it may be mentioned that from 400 feet 
to 740 feet per minute is the rate of ven- 
tilation which is effected in mines; the 
upeast pit having the former rate of 
draught, and the velocity in the several 
channels varying inversely as their areas. 
The point where the above considerations 
practically bear on our present subject is 
this. The removal of air from a house 
that is requisite to ensure a due ventila- 
tion for sanitary purposes is so much 
more considerable than the removal 
which is due to, and effected by, the 
combustion of the amount of fuel pro- 
portioned to the number of inhabitants 
in the dwelling, that special attention 
should be directed to the subject in all 
large houses. Chiefly is this the case in 
those houses, whether large or small, in 
which it is the object of the housekeeper 
to maintain a high, or a moderate but 
invariable, temperature, through all 
parts of the house, in the winter season. 
This can only be done, with safety, by 
warming the air as it enters; and the 
question is, whether either this or any 
other mode of keeping up the tempera- 
ture of the vestibules and corridors is 
not a direct invitation to disease. We 
suggest that it is so, in two modes. 
First, that the resisting power of the 
frame is lowered by the maintenance of 
an invariable temperature. While per- 
sons remain within the house, the aéra- 
tion of the blood and the animal vigor 
will be abated; and on going out the 
cold will be more keenly felt, and very 
possibly more injuriously felt, than if 
the passages had been cool. The other, 
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and entirely independent question, is incorrectly represented by the misplac- 
that of the risk that there is in all highly ing of the figure 9. 

warmed houses of slighting the proper A SLIDE-ROD 
ventilation. The carbonic acid exhaled SCALE 

from the lungs is, of course, so much CN er 
direct poison, unless removed. To this RGF READING 27532 
have to be added all other sources of 
impurity, products of combustion, gas 
resulting from the course of the organic 
functions, emanations from the pet birds 
or other animals, and, most dangerous of 
all, infiltration of sewer gas. A whole- 
some thorough draught is the only safe- 
guard against this domestic malaria; and 
very few are the instances in which this 
is to be ensured without the utmost reg- 
ularity and care as ‘to freely-opened 
windows. Those who know what Bel- 
gian, German, and even French hotels 
are in this respect, will be likely to form 
the opinion that palaces and noble man- 
sions may be made, and very frequently 
are made, far less safe and salubrious, es- 
pecially for the young, than were the rude 
and draughty nooks in the halls and 
castles of our ancestors, or than our very 
modest cottages in the present day. 
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f[’He German Navy.—The personnel of the 
German Navy is to be increased this year 
by 29 officers and 343 warrant officers, petty 
officers and men, although, according to the 
original plan for the establishment of the fleet, 
the increase should comprise only 168 officers 
and men of all ranks. The engineer department 
is ulso to be augmented by 95 petty officers and 
men, instead of but 73, the number prescribed 
in the plan. Altogether, since 1875, more than 
1v00-men have been added to the strength of 
the divisions of seamen, so that the German 
Navy now comprises 419 sea officers, 24 engi- 
neers, 5459 warrant officers, petty officers and 
men in the two divisions of seamen, besides 
1001 petty officers and men in the engineer de- 
partment. Of the two divisions of seamen, one 
belongs to each of the two naval stations, the 
Baltic and North Sea, the headquarters of the 
one being at Kiel, and of the o:her Wilhelms- 
hafen. Each division is commanded by a post 
captain, and is divided into five detachments, 
one of which is composed solely of seamen gun- 
ners. Besides these divisions of seamen, there 
is also a ‘‘dockyard division” at the headquart- 
ers of each station, Kiel and Wilhelmshafen. 


—— --- 
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Report on THe Merric System (Errara)- 
—A couple of errors in the engraving 
on page 382 of our last issue are cor- 
rected in this cut. 

The reading of the slide rod should 
have been 2.532, as is here given. 

The numbering on the Paine tape was 
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REPORTS OF ENGINEERING SOCIETIES. 


MERICAN Society oF CrviL ENGINEERS.— 


| 


The Eleventh Annual Convention of the | 


Society will be held at Cleveland, beginning | 


Tuesday, June 17th, 1879. 

Sessions for the consideration of professional 
subjects, and one for the transaction of business 
will be held. ; 

The details of the programme will be an- 
nounced as soon as determined by the local 
committee. ‘ 

The following is a list of topics to be consid- 
ered with reference to papers published in 
Transactions during the preceding year: 

American Engineering at International Exhi- 
bitions, —CLXXIV. American Engineering as 
illustrated at the Paris Exposition of 1878. 
George 8. Morison, Edward P. North and John 
Bogart. 

Bridges.—Discussion of Paper CXL. The 
Determination of Stresses in the Eye-Bar Head. 


De Volson Wood. Vol. VII, page 189. Dis- 
cussion of Papers CXLIV and CXLIX. Rela 


tive Quantities of Material in Bridges of differ- | 


ent kinds, of various heights. William H. 


Searles. Vol. VIL, page 192. 

Cements. —Discussion on Cements. Don J. 
Whittemore. Vol. VII , page 274. Discussion 
on Cements and Strength of Bricks. F. Col- 
lingwood. Vol. VII., page 280. 

vundations.—CLXXII. The use of Com-| 


pressed Air in Tubular Foundations, and its 
application at South Street Bridge, Philadel- 
phia, Pa. D. MeN. Stauffer. 

Hydrautics.,—CLX. On the cause of the Maxi- 
mum Velocity of Water flowing in Open Chan- 
nels being below the Surface. 
cis. CLXI, The Flow of Water in Pipes un- 
der Pressure. * CharlesG. Darrach. Discussion 
on the Cause of the Maximum Velocity of 
Water flowing in Open Channels being below 
the Surface, and also on the Flow of Water in 
Pipes under Pressure. Theo. G. Ellis, C E. 
Emery, Clemens Herschel, De Volson Wood 
and John T. Fanning. 
CLXVIL. Distribution of Rain-fall during the 
rreat storm of October 3d and 4th, 1869. 

Francis. CLXVIII. The Gauging of 

Streams. Clemens Herschel. CLXXV. The 
Flow of Water in Small Channels, after Gan- 
guillet and Kutter, with Kutter’s Diagram 
modified, and Graphical Tables with special 
reference to Sewer Calculations. R. Hering 

Masonry.—CLXX. Brick Arches for Large 
Sewers. R. Hering. Discussion on 
Arches for Large Sewers. E 8. Chesbrough, 
W. Milnor Roberts, R. Hering and F. Colling- 
wood. Vol. VIL, page 258. CLXXI. Fall of 
Western Arched Approach to South Street 
Bridge, Philadelphia, Pa. D. McN. Stauffer. 
Discussion on Nomenclature of Building Stones 
and Stone Masonry. J. Foster Flagg, J. J. R. 
Croes, J. P. Davis, F. Collingwood, J. Veazie 
and E P. North. Vol. VII., page 284. 

Metals.—CLXIII. On a newly discovered re- 
lation between the Tenacity of Metals and their 
resistance to Torsion. Robert H. Thurston. 
CLXIV. Observations on the Stresses devel- 
oped in Metallic Bars by Applied Forces. The- 
odore Cooper. 





James B. Fran- | 


Vol. VIL, page 122. | 


James | 


Brick | 


| J. Foster Flagg and E. D. Leavitt, Jr. 





Preservation of Timber.—CLXXVI1. The Per- 
manent Way of Railways in Great Britain and 
Ireland, with special reference to the use of 
Timber, preserved and unpreserved. Compiled 
from information received from Engineers in 
charge of these Railways John Bogart. 

Railroads —CLIX. Onthe Theoretical Resist- 
ance of Railroad Curves. §S. Whinery. Dis- 
cussion on the Resistance of Railroad Curves. 
O Chanute, Chas. E. Emery, E. Yardley, E. P. 
North, C. L. McAlpine, F. Collingwood and 
Wm. H. Paine. Vol. VII, page 97. CLXVI. 
Reminiscences and Experiences of Early Engi- 
neering Operations on Railroads, with especial 
reference to Steep Inclines. W. Milnor Rob- 
erts. Discussions on Inclined Planes for Rail- 
roads. O. Chanute and William H. Paine. 
Vol. VIL., page 216. 

Rivers and Harbors —CLXII. The South Pass 
Jetties. Descriptive and Incidental Notes and 
Memoranda E Corthell. Discussions on 
the South Pass Jetties. Charles W. Howell, E. 
L. Corthell, C. Shaler Smith, J. Foster Flagg. 
Vol. VII, page 159. CLXTIX. The Dangers 
threatening the Navigation of the Mississippi 
River and the Reclamation of its Alluvial Lands. 
B. M. Harrod. 

Steam Engines. —CLXV. Cushioning the Re- 
ciprocating Parts of Steam Engines. John W. 
Hill. Discussions on Steam Engine Economy: 


Vol. 


4 


VIL., page 194. 

Submarine Telephony.— CLXXIIIL. Subma- 
rine Telephoning. Charles Ward Raymond. 

In addition to the above papers, it is expected 
that the following subjects will be presented by 
papers printed previous to the date of the Con- 
vention, or read at its meeting : 

Engineering Questions involved in the Devel- 
opment of Electric Lighting. Stephen Chester. 

Gelatine Dynamite and High Explosives. 
Julius H. Striedinger. 

Light House Construction. J. G. Barnard 

Memoir upon the Construction of the Minot’s 
Ledge Light. B.S. Alexander. 

The Construction and Maintenance of Roads. 
Ed vard P. North. 

The Resistances of Railway Rolling Stock. 
A. M. Wellington. 

The Railroad Crossing of the Allegheny 
Mountain. Moncure Robinson. 

Notes on Early Railroad Engineering. Ash- 
bel Welch. 

Remarks on the Causes of Fall of the West- 
ern Arched Approach to South Street Bridge, 
Philadelphia, Pa. J. G. Barnard. 

Parabolic Arches in Masonry. W. A. G 
Emonts. 

Notes on the Foundations of Piers of the East 
River Bridge. F. Collingwood. 

Experiments with Cements and appliances 
for testing... Alfred Noble. 

Comparison of Standard Measures, English, 
—s and United States. Arthur S.C. Wur- 
tele. 

The Construction of Concrete Blocks at the 
end of the South Pass Jetties. Max E. Schmidt. 

Notes as to construction and operation of the 
Railroad over the Ratou Mountains, Col., and 
the construction and performance of the Loco- 
motives thereon. James D. Burr. 
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Design and Construction Tables for Egg- 
shaped Sewers. Cyrus G. Force, Jr. 


Members of the Society are earnestly re- 


quested to furnish information or memoranda | 


upon any of the subjects referred to. They 


are also invited and expected to take part in the } 


discussions either in person or by sending to the 
Secretary notes for presentation. . 

In either case, it will assist the Committee in 
arranging the details for sessions of the Con- 
vention, if members expecting to take part in 
the discussions will notify the Secretary at once 
to that effect. 

Invitation to visit Pittsburg and the Govern- 
ment Works for the improvement of the river 
at that place (Davis Island Dam) has been ex- 
tended by James H. Harlow, member of the 
Society. 


\OCIETY OF ENGINEERS.—At a meeting of 
k the Society of Engineers, held April 21st, 
Westminster, a paper was read by Mr. J. L. 
Haddan on ‘The Essentials which should 
govern the Construction and Working of Tram- 
ways.” The author observed that when tram- 
ways were first introduced, they were a great 
advance upon the ordinary roads, but that the 
modern improvement of roadways had, in the 
present day, led almost to a reversal of the rela- 
tive positions of road and tramway. 
ica, the tramways were superior to the roads, 


because the latter were sacrified to the former. | 


The tram-rail there, moreover, was available for 
the moderate ordinary traffic, whilst the speed 
of the tram service was about twenty per cent. 


greater than in this country and on the conti- | 


nent. Mr. Haddan alluded to the general ten- 
dency to employ wood in roadways, and he 
described a system of construction by which a 
road could be made with a perfectly flat sur- 


face, and yet be well drained, and which should | 


have the tramway incorporated with it. The 
tram-rails, he said, would be of wood, and the 


roadway would be kept surfaced with grit, so| 


that the wood would not form the actual wear- 
ing surface. This system of tram and roadway, 
the author observed, would be homogeneous, 


and would combine the best possible road for | 


ordinary vehicles, with a perfect tramway for 
special carriages at less cost than the present 
method of construction, The author condemned 
the indiscriminate introduction of railway and 
omnibus principles into the construction and 
working of tramways, and described his pro- 
posed arrangement for meeting the require- 
ments of a tramway service. This consists of 
a locomotive engine to be worked by steam and 
air, the steam being used for compressing, 
during the journey, its own supply of air as 
well as that which supplies the continuous mo- 
tive power for propelling the cars. By revers- 
ing, the same driving mechanism acts as a con- 
tinuous brake, and the same system is so ar- 
ranged that the driver constantly feels the pull 
of the train upon a regulator handle. The with- 
drawal of his hand from this handle is to in- 
stantly cause the steam power to block the train. 
Thus the brake mechanism would always be in 


action, instead of lying dormant, as in ordinary | 


continuous brakes. ‘The author, in conclusion, 
stated what, in his opinion, were the technical, 


| screw propulsion. 


In Amer- | 


| latter. 


physical, and administrative requirements of 
mechanical traction on tramways generally. 


IVERPOOL ENGINEERING Socrery.—At the 
fortnightly meeting on Wednesday even- 
ing, 23rd April, Mr. Arthur J. Maginnis read a 
paper entitled, ‘‘A Few Years’ Experience of 
the Screw Propeller, its Lessons and Results,” 
for which he was awarded the Carlyle Goid 
Medal at the Institution of Naval Architects, 
session 1879, as being the best on the subject of 
The first part of the paper 
dealt with the various methods of construction, 
the materials used for the bosses and blades of 
large propellers—for which recent experience 
has proved the old style of solid cast iron to be 
altogether unsuitable, although still occasion- 
ally used owing to their cheapness—and also 
gave some important particulars of the manner 
in which failures have occurred from time to 
time, pointing out how they are to be avoided 
in the future. The much vexed questions of 
the relative merits of large and small diameters, 
and of pitch, uniform, or varying, were next 
treated in an able manner, and interesting sta- 
tistics compiled from the logs of some of the 
most important merchant steamers were given, 
which showed that moderate reductions of both 
diameter and pitch had given a reduction of 
about 8 per cent. in the consumption of fuel on 
a round voyage, and an increase of about 3 per 
cent. in speed, the same result being also shown 
in a marked degree by H. M. 8. Iris, the import- 
ant trials of that ship being also given in a con- 
cise table similarly arranged to those of the mer- 
chant steamers. Passing over the mode of at- 
tachment to the propeller shaft, and the loss 
occasioned by the corrosion of the blade, etc., 
the author dealt with the present disputed ques- 
tion of solid cast iron versws movable bladed ° 
propellers, and pointed out several events, show- 
ing the advantages to be greatly in favor of the 
The various ways by which propellers 
may become disabled were also noted, some of 
the most remarkable being illustrated by draw- 
ings. After pointing out what experience had 
taught, as to how a large propeller should be 
constructed, the important question of the 
effect of the screw propeller on steering was 
reviewed at considerable Jength, and the strange 
effect produced by the sudden reversing of the 
propeller, from full speed ahead to full speed 
astern, was fully treated and explained by ex- 
plicit diagrams, showing in a lucid manner the 
directions and flow of the currents of water 
round about the rudder and screw propeller 
which produced these effects. Appended to 
the paper was a neat tabular arrangement of the 
effect of the propeller on the steering of screw 
steamers under all circumstances for both right 
and left-handed propellers, and also a table giv- 
ing the dimensions and particulars of propellers 
at present fitted on several of the most import- 
ant Liverpool steamers. 
-_ | 


IRON AND STEEL NOTES. 


fF Sage ae sage oF STEEL INGots.—With a 
4 view to economize the labor at present 
required in producing steel ingots, and also to 
improve the quality of the ingot by avoiding 
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the tendency of the metal to boil when run into 
the moulds, Messrs. Taylor & Wailes, of Pan- 
teg, Monmouth, propose to use moulds, which 
consist of metal troughs placed side by side or 
parallel to one another, and in rear therof they 
fit ways on which a traveling trough or gutter 
runs. This traveling trough is bent at right 
angles at its forward end to form a spout paral- 
lel to the moulds, and it serves to deliver into 
the moulds the molten metal, which is con- 
ducted to it from an inclined stationary gutter 
or gutters in connection with the furnace. The 
stationary gutter is so situated with respect to 
the traveling gutter that the latter will be free 
to run under the fixed gutter and receive there- 
from a continuous supply of the molten metal 
while it is presenting its discharging mouth to 
the several moulds in succession. This arrange- 
ment not only facilitates the filling of the 
moulds, but by filling them from the top in a 
broad stream will remove all tendency which 
the metal has to boil in the moulds, and will 
also prevent the cutting of the moulds by the 
falling metal. The moulds, which will consist 


of open metallic troughs, may be made of any: 


suitable length, and by an arched block or tile 
inserted in the moulds the metal poured therein 
will be divided up to form two ingots. 

For facilitating the discharge of these ingots 
from the moulds they propose to place, trans- 
versely of these moulds and near their opposite 
ends, cross-bars of iron fitted with rough hooks 
or studs at equal distances apart, and so ar- 
ranged as to enter the several moulds and bed 
into the molten metal. These bars will be con- 
nected at their opposite ends to a traveling 
crane, which, when the metal is sufficiently set 
to secure the connection of the bars with the 
ingots will be caused to lift the bars, and 
thereby draw out the ingots from the moulds. 
The strain thus put on the opposite ends of the 
castings will cause them to break in the line of 
the block or tile, and the ingots will then hang 
perpendicularly in the air, and may be delivered 
on to any suitable receptacle. In some cases 
they place a rectangular metal lifting strap with 
eyes at its extremities inside the moulds, and at 
such position that it will embrace the ingot to 
be cast at about the middle of its length. This 
strap ‘fits close to the inside of the mould, and 
is covered over with clay, loam, brick, or other 
substance to prevent the fusion of the metal: 
this permits of the lifting out of the ingot hori- 
zontally by connecting lifting chains with the 
strap, and when the strap is disengaged from 
the chain it may readily be separated from the 
ingot. 

n order to prevent any irregularity in the 
form of the ingot, the ingot mould may be re- 
cessed to admit the strap, and the joints may 
be made good by clay loam. In some cases 
they propose to make the moulds of the length 
of the ingot desired, and to set two of such 
moulds end to end, making good the butt joints 
by means of clay puddle. The metal cast in 
such jointed moulds will, when lifted out of the 
moulds by the means above described, break at 
the middle of their length or at a point coinci- 
dent with the line of junction with the moulds, 
and the ingots will then hang from the lifting 
bars as explained. This mode of clearing the | 


moulds of the ingots will greatly economize the 
labor at present required for performing such 
duty, as the handling of the moulds and the 
ingots for this purpose is entirely avoided. 





— me 
RAILWAY NOTES. 


AILWAY TO InprA.—A paper was read be- 

fore the Civil and Mechanical Engineers’ 

Society by Mr. Haughton, C.E., on the subject 
of ‘‘ A Railway to India.” 

Mr. Haughton exhibited a map showing the 
regions to be crossed, taking Constantinople and 
the town of Shikarpore, on the River Indus, as 
the terminal points of the railway ; he spoke of 
the suggested Euphrates Valley Railway from 
Scanderoon or Swadia, on the mainland oppo- 
site the horn of the island of Cyprus to the head 
of the Persian Gulf, with its possible extension 
along the Mekran coast to Kurrachee, at the 
mouth of the Indus, as being quite out of the 
line of the terminal points named, and as being 
objectionable because of passing through a 
region destitute of towns after passing Bussorah ; 
such a line, while forming a perhaps useful 
strategical road to India, entirely failed to tap 
the larger centers of population and trade of 
the countries intervening betweeu Europe and 
India, viz., Asia Minor and Persia. He pre- 
ferred a railway passing through Sivas and 
Diarbekir, in Asia Minor (where it would cross 
the Taurus range of mouutains), Mosul, and 
Kefri, in Turkish Arabia, with a short branch 
to Bagdad, crossing the Gates of Zagros range 
on the Persian frontier, and going through the 
Persian towns of Kermanshah, Hamadan, 
Teheran, Shahrud, and Mushed, crossing the 
Afghanistan frontier, and passing through 
Herat and Candahar and through the Bolan 
Pass into Shikapore, a station on the Indus 
Valley Railway. Such a line would open up 
the most populous and traftically-valuable dis 
tricts of Persia, towards which country, as well 
as towards India, Russia is hastening every 
day. 
Colonel Sir Arnold Kembell wished to im- 
press on the meeting the vastness of such an 
enterprise. He believed it would be of much 
importance in view of the interests of England 
and of India, and of great value in opening up 
the trade of Turkish Arabia. 

Mr. Trelawney Saunders said the importance 
of such a line of railway could hardly be over- 
estimated, and that he thought the route indi- 
cated on the map would be eventually that 
selected for a railway to India. 

_—_—__ Continuous BRaAkeEs. — A 

treacherous friend is more dangerous than 
an open enemy, and it is far better to be without 
a continuous brake than to place reliance on 
one which will fail when it is most wanted. A 
few gentlemen connected with the Great North- 
ern Railway have for a long time held to the 
vacuum brake as being perfect, just as Mr. 
Webb and one or two Coals and North- 
Western Railway men claim that the chain 
brake is the best in the world. Constant practi- 
cal failures have taught these men nothing. 
Perhaps because the failures did not entail 
actual loss of life or limb on a large scale. How 
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long they are to enjoy this immunity is, how- 
ever, a doubtful question, and an accident which 


occurred on Friday afternoon to the Flying | 


Scotchman on the Great Northern line, teaches 
a lesson which should not be overlooked. As 
this train, which does not stop between York 
and Grantham, was passing through Bawtry 
station, it was noticed by some of the officials 
on the platform that one wheel of one carriage 
was off the line, and a telegram was immedi- 
ately despatched to the next station to stop the 
train. he carriage, however, caught the 
bridge over the Scaftworth road, and carried 
away a portion of the stone coping, and was 
pulled up at about 200 yards beyond. By this 
time some six carriages had left the metals and 
considerable damage was done to the permanert 
way. he passengers were much shaken, and 
one lady was seriously injured. Two of the 
first-class carriages were almost on their sides, 
while the axle of another was broken. The 
communication cord was broken before it was 
noticed that a carriage had left the rails, and 
the vacuum brake was rendered useless in con- 
sequence of its having become disconnected. If 
the principal features of this accident be con- 
trasted with that of certain others in which the 
train was fitted with the automatic brake, a 
vast difference in favor of the latter will be 
recognized. The vacuum brake will do the 
work of guards and firemen very fairly, but as a 
satety brake it is quite inefficient. This truth 
has long been recognized by everyone, save a 
few individuals who probably like the vacuum 
brake because it is the smallest remove from the 
old hand brake to be found; and if a change 
must be made, they give the preference to the 
least change possible. Railway companies re- 
quire severe lessons to teach them to do what is 
right. 
escaped receiving such a lesson on Friday. 
——~-ae—_—_ 


ENGINEERING STRUCTURES. 


‘ioe Prtes.—The difficulty which at- 
tends driving long tubular piles is well 
known to all those who have attempted to drive 
them, especially when they are to be driven 
from the surface of water of considerable depth 
above the bed of the water course. Messrs. Le 
Grand and Sutcliffe, of Bunhill-row, so well | 
known through their connection with tube | 
wells, have, devised a method of putting down 
tubular piles of any length. This consists in 
driving them by means of an elongated cylin- 
drical monkey which works inside the tubular | 
pile. The monkey is raised by means of rods | 
or rope, and allowed to fall upon the flat head | 
of the solid point. The pile thus forms its own | 
guide for the monkey. One advantage of these | 
piles is that they can be driven with facility, of | 
very great length and in deep water. A wrought | 
or cast iron pile, say 75 ft. long, is lowered | 


through the water length by length, screwed | good 


together by strong barrel-shaped steel sockets | 
until ground is reached and additional lengths | 
are added as the pile is driven. They can also} 
be filled with concrete well rammed to increase | 
their strength. For some purposes the piles | 
are made in a short length with a flange on the 
top, the length being sufficient to allow the' 
Vout. XX.—No. 6—36 


The Great Northern Company narrowly | 


* flange to stand at the ground surface; a tubular 
or other post with a bottom flange can be fast- 
ened thereto permanently or temporarily. It 
might at first sight appear that a heavy ram 
falling upon the inside upper surface of the 
| point of a long pile would tend to pull such a 
pile in two at the screw joints by reason of the 
inertia of rest of all above the point. It does 
not seem, however, that this is the case, and 
short cast iron piles have been driven a number 
of times, on some occasions into a macadamised 
road, without apparent injury. The method of 
driving el great facility and simplicity, 
and the gumber of applications of the method is 
almost innumerable. For tube wells, piles, 
telegraph and signal posts, tent poles and plugs, 
it will be very valuable, and as a tool for mak- 
ing holes for wood telegraph posts, a short 
tubular pile and hand monkey will greatly sim 
plify operations The War-office has instructed 
the Royal Engineer Committee to make a series 
of experiments with this pile in various soils 
immediately. The experiments will take the 


form of actual bridge construction. 
_ St. GorHarp TUNNEL.—In a paper 
just communicated to the French Acad- 
my, M. Collidon gives some interesting de- 
tails of the progress of this great enterprise. 
Besides the excessive hardness of the banks of 
serpentine and quartz, and the insufficiency of 
hydraulic forces on the Airolo side (after the 
lowness of water in winter), there has been a 
very troublesome infiltration in the south por- 
tion, the volume of water having increased since 
the second year to more than 230 litres per sec- 
ond in the advance gallery. The difficulty of 
working here under jets which had often the 
force of those from a fire-engine pump, can be 
readily imagined. Another difficulty arises 
from a mass of decomposed felspar mixed with 
| gypsum, found under the plains of Audermatt. 
his plastic material swells on contact with 
moist air, and exerts a pressure of terrible force, 
capable of crushing the strongest woodwork, 
'and even arches of granite. In some of these 
parts the workers thought them%elves happy 
when they were able to advance (with manual 
boring) about 1 metre in three or four days; 
whereas, through granite, with compressed air 
and mechanical perforation, a regular advance 
of 4 metres in 24 hours has been achieved 
through gneiss 6 metres, and more. As regards 
apparatus, M. Colladon states that the volume 
of water from the Tremola (Airolo side) having 
been found insufficient, M. Favre brought water 
in an aqueduct, 3000 metres long, from the 
Tessin, to work new turbines of four compress- 
ors, on the same system as the others, but of 
greater value. These turbines are of cast iron. 
It is noticeable that the old and smaller bronze 
turbines (formed of one piece), which have made 
some 155,000,000 revolutions per annum, are in 
preservation, after four, or even five years’ 
service, and still work usefully, after slight 
renewals. On each side of the tunnel there are 
at present sixteen air compressors in action, 
serving both for aeration and for boring opera- 
tions. They send into the tunnel air under a 
pressure of eight atmospheres, sufficient to drive 
eighteen to twenty drills, and effect good ven- 
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tilation of the part already bored, which is at* 


present 6100 metres on the north side, and 5390 
metres on the south side. On either side there 
are, night and day, several hundreds of work- 
men with lamps, and about 300 kilogrammes of 
dynamite are consumed. The compressors are 
found to suffice for good ventilation, rendering 
unnecessary two large exhaust vessels, placed 
two years ago at either mouth of the tunnel for 
drawing off smoke and vitiated air. The trans- 
port of materials is effected by horses in the 
more advanced part of the tunnel, and by com- 
pressed air locomotives in the portions near the 
mouths. To feed these locomotives eight of M. 
Colladon’s compressors are placed at Airolo and 
Goeschenen. hey draw air from the ventilat- 
ing pipe, and force it, under a pressure of 12 or 
14 atmospheres, into a pipe which passes along 
the part traversed by the locomotives. A great 
variety of rock drills have been used. Each 
year brings new improvements. 
—— + 


ORDNANCE AND NAVAL. 


ry we experimental cruise of the Royal Mail 

steamer Gallia, already celebrated on ac- 
count of the part played in her construction by 
foreign workmen, took place on the 27th ult. 
On her trial she made the mile in three minutes 
and forty-five seconds, equal to sixteen knots 
an hour, or eighteen and one-quarter miles. She 
is bark-rigged and has nine iron bulkheads, of 
which seven are watertight, and run up to the 
spar deck. forming eight watertight compart- 
ments. There are two dining saloons for cabin 
passengers, one of spacious size, on the spar 
deck. It is lighted by a handsome cupola, and 
beautifully ornamented with Japanese panelling. 
The coal bunkers are well ventilated and con- 
structed to contain 1,000 tons of fuel. The 
water tanks are made of galvanized iron, and 
are capable of holding 14,000 gallons. The 
fresh water condensers are capable of providing 
4,000 gallons daily. Steam steering gear is 
fitted amidships, but to meet casees of emer- 
gency there is also a manual steering gear with 
wheel-house aft. There are iron lighthouses, 
entered from the deck below, allowing lights to 
be easily accessible even in the wildest weather. 
Suspended from davits are ten large lifeboats, 
with patent lowering apparatus. The Gallia is 
the largest and most complete of all the Cunard 
ships. She starts on her first voyage to New 
York to-morrow. 


7 RuPP’s GREAT STEEL Gun.—Herr Krupp 
is about to try at Meppen, Germany, the 

latest and largest steel gun turned out by his 
great works, and indeed the largest specimen of | 
steel ordnance yet made. It weighs 72 tons, | 
with a calibre of 1534 in. The length of the 
gun is 32 ft. 8 in., and that of the bore 28 ft. 6 | 
in. The English 80-ton gun has a calibre of 16 | 
in., a total length of 27 ft., and a bore 24 ft. | 
long. The charge for Krupp’s monster gun is | 
to be 885 Ib. of prismatic powder, the projectile | 
being a chilled iron shell, ate ry! 1,660 Ib., | 
and having a bursting charge of 22 Ib. of pow- | 
der. The force of the shot on leaving the gun | 


is estimated at 31,000 foot-tons, and it is calcu- 


distance of 15 miles. The forthcoming trials 
will take place on a range 11 miles long, and 
the targets will have to be placed at such a dis- 
tance that the gun will have to be directed by 
other means than the visibility of the object to 
be struck. The material of which the Krupp 
gun is composed is steel throughout. The core 
of the gun consists of a tube running its entire 
length, as in the Woolwich gun, but open at 
the rear, the loading being at the breach instead 
of the muzzle. The tube of this large weapon 
being of such great length, it has been made in 
two portions, the joint being secured in a pecu- 


liar manner. Over the tube are four “‘ jackets ” 


or cylinders of various lengths, supplemented 
by a ring over the breech portion. The cylin- 
ders are much less massive than in the Fraser 
gun, and approximate more to the pattern of the 
Armstrong ordnance. The gun is chambered, 
that is to say, the powder chamber has a greater 
diameter than the bore. The form given to the 


powder prisms, and the adjustmeat of the cart- 
| ridge in the bore, allow altogether an amount of 


space which gives 40 per cent. of air to the 
powder actually composing the charge. The 
rifling is polygonal with a uniform twist, and 
the shot is rotated by means of a copper ring 
around its circumference near the base, the 
Vavasseur system in short. The closing of the 
breech is effected by the well-known Broadwell 
system adopted for all his ordnance by Mr. 


Krupp. 
—_+ae-—__—__ 
BOOK NOTICES 


ODEL YACHT BUILDING AND SalILING. 
London: Charles Wilson. For sale by 
D. Van Nostrand. Price $2.00. 

This subject possesses rare attractions for a 
large class of people who delight to pursue a 
diversion with a systematic plan and scientific 
precision. 

This is a complete instruction book for the 
amateur model yacht builder and includes di- 
rections for all details. It is also supplemented 
with an illustrated vocabulary of nautical tech- 
nology. 

The author has given his instruction in a 


| singularly felicitous straightforward way which 


will surely prove acceptable to all interested in 
the subject. 


|S aa + LIGHTING AND ITS PRACTICAL 
4 Appuiication By J. N. SHooLsBReD, 
M. I. C. E. London: Hardwicke & Boyne. 
For sale by D. Van Nostrand. Price 2.50. 
This is a very compact summary of descrip- 
tions of present modes of electric lighting, and 
affords a fair estimate of the relative value of 


| machines and lights which are now before the 


public. 

The chapters treat severally of topics as 
follows: 

I. Historical and Descriptive. II. Electric 
Light Machines. III. Lamps and Regulators. 
IV. Carbons aad Conducting Wires. V. Motive 
Power. VI. Luminous Intensity. VII. Appli- 
cations and Economic Results. VIII. Prospects 
of Electric Lighting. 

The illustrations are sufficiently numerous 


lated that the gun can throw its projectile a | and of fair quality, 
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Ts STUDENT’s TEXT-Book OF ELECTRICITY. 

By Henry M. Noap, F. R. 8. A new 
edition with additional chapters. By W. H. 
Preece, M.I. C. E. London: Crosby, Lock- 
wood & Co. For sale by D. Van Nostrand. 
Price $5.00. 

This new edition of an excellent work is 
quite timely. Nothing better than the earlier 
edition has ever appeared to meet the wants of 
those who apply electricity. Nothing else in 
English is so 

his new edition is enriched by the additions 
of Mr. Preece, who has given a summary of 


dynamo-electric inventions and electric illumi- | 


nation, down to the beginning of the present 
year. 

The remarkable abundance of illustrations 
which characterized the former edition is ex- 
hibited quite as fully in the new chapters. 


c™ Mines Inspection—Its History AND 
_/ Resvutts. By R. Newson Boyp, F. R. 
G. S. London: W. H. Allen & Co. For 
sale by D. Van Nostrand. 

This is a history of the legislation in Great 


Britain relating to the inspection of coal mines, | 
giving a full account of the improvements in| 


methods and machinery adopted from time to 
time, whereby the danger to life in the mines 
has been steadily lessened. 


It appears from the statistics given quite! 


fully in the appendix, that whereas, in 1851, 
the mining of one million tons of coal cost 
19.35 human lives, in 1876 the same amount of 
coal cost but 6.95 lives. and that the decrease 
was steadily maintained during this period. 

To the English collier, or the mine owner, the 
book is full of interest. 


Es MeTAvx A L’Exposirion UNIVERSELLE 


_4 DE 1878. Par H. Sepasrecr Paris: 
Dunod. For sale by D. Van Nostrand. Price 
$5 00. 


This is a large quarto volume of 300 pages of 
text and 16 pages of plates. 

The metals treated of are the various irons 
and steels together with such alloys of copper 
as have been proved to possess an exceptional 
strength. ; 

The resisting powers of the metals is treated 
at considerable length as is also the method of 
determining such resistances by the various 
testing machines. Most of the illustrations are 
of these machines and include the prominent 
and familiar American forms. 

The work is a valuable compendium of in- 
formation on the subject of metals and in 
engineering constructions. 


PRACTICAL TREATISE ON THE CoMBUs- 

TION OF Coat. By Wm. M. Barr. 

Indianapolis: Yohn Brothers. For sale by 
D. Van Nostrand. Price $2.50. 

This work aims to present within a moderate 
compass the theory of the combustion of coal, 
with a view of adapting it to the needs of that 
large body of men whose interests are identified 
with the use of coal, and to whom a correct 
knowledge of the subject is especially desirable, 
but who, on account of the abstruse style of the 
present treatises, cannot readily obtain the 
required information. 


ull of practical electrical science. | 


All that the author claims is the adaptation of 

the science of the higher treatises to readers 
| who find difficulty in studying the higher 
| standard works. 

Considerable space is devoted to descriptions 
| of special devices for burning fuel of different 
kinds. The illustrations are of fair quality, 
and the general typography is excellent. 


HE TRANSMISSION OF POWER By COM- 

PRESSED Atk. By Rospert ZAHNER, M.E. 
New York: D. Van Nostrand. (Van Nostrand’s 
Science Series, No. 40). Price 50 cts. 

The opinion is now very general that the 

maximum of economy in the use of rock-drill- 
ing machinery is to be looked for less in the 
further improvement of the drills themselves 
than in the perfection of the air-compressing 
machinery, and this perfection can only be 
arrived at by careful attention to the various 
scientific considerations connected with the 
subject. The whole question is ably discussed 
in a recent volume of Van Nostrand’s Science 
Series, by Mr. Robert Zahner, and the inform- 
ation he supplies is so valuable that it should 
be generally studied by all who have occasion 
to use compressed air. The subject of com- 
pressed air and compressed-air machinery 
offers, as Mr. Zahner states, a wide field for 
useful investigation. Compressed air has be- 
come a most efficient and powerful agent in the 
hands of the modern engineer. Its applications 
are rapidly growing both in extent and import- 
ance. There can be no doubt that the great 
waste of energy that to-day accompanies the 
use of compressed air is due not only to sickly 
design and faulty construction of machines, 
but very largely also to the general ignorance 
of the principles of thermodynamics. In his 
historical notice Mr. Zahner points out that the 
application of compressed air to industrial pur- 
poses dates from the close of the last century. 
Long before this, indeed, we find isolated 
attempts made to apply it in a variety of ways, 
‘but its final success must be ascribed to the 
present age—the age of mechanic arts—an age 
inaugurated in so splendid a manner by the 
genius of Watt, and which has been so wonder- 
fully productive in good to mankind. Cubitt 
and Brunel, between 1851 and 1854, first 
applied compressed air in its statical applica- 
tion to the sinking of bridge caissons. Prof. 
David Colladon, of Geneva, in 1852, -first con- 
ceived and suggested the idea of employing it 
in the proposed tunneling of the Alps, and 
finally Sommeiller first practically realized and 
applied Colladon’s idea in the boring of the 
| Mont Cenis Tunnel. 

For transmitting power to great distances 
shafts, belts, friction wheels, and gearing are 
clearly out of the question The practical in- 
compressibility and want of elasticity of water 
renders the hydraulic method unfit for trans- 
mitting regularly a constant amount of power ; 
it can be used to advantage only where motive 
power acting continuously is to be accumulated 
and applied at intervals, as for raising weights, 
operating punches, compressing, forging, and 
other work of an intermittent character requir- 
ing a great force acting through a small dis- 
tance. Compressed air is the only general mode 
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of transmitting power; the only one that is al- 
ways and in every case possible, no matter how 

eat the distance nor how the power is to be 

istributed and applied. No doubt as a means 
of utilizing distant yet hitherto unavailable 
sources of power the importance of this medium 
can hardly be overestimated. But compressed 
air is also a storer of power, for we can accumu- 
late any desired pressure in a reservoir situated 
at any distance from the source, and draw upon 
this store of energy at any time, which is not 
possible either in the case of steam, water, or 
wire-rope. But compressed air is especially 
adapted to underground work ; steam is here 
entirely excluded, for the confined character of 
the situation and the difficulty of providing an 
adequate ventilation renders its use impossible. 
Compressed air, besides being free from the 
objectionable features of steam, possesses prop- 
erties that render its employment conducive to 
coolness and purity in the atmosphere into 
which it is exhausted. The boring of such 
tunnels as the Mont Cenis and St. Gothard 
would have been impossible without it. Its 
easy conveyance to any point of the under- 
ground workings, its ready application at any 
point, the improvement it produces in the ven- 
tilating currents, the complete absence of heat 
in the conducting pipes, the ease with which it 
is distributed when it is necessary to employ 
many machines whose positions are daily chang- 
ing, such as hauling engines, coal-cutting ma- 
chines, and portable rock drills; these and many 
other advantages when contrasted with steam 
under like conditions give compressed air a 
value which the engineer will fully appreciate. 

There is every reason to believe that com- 
pressed air is to receive a still more extensive 
application. The diminished cost of motive 
power when generated on a large scale com- 
pared with that of a number of separate steam 
engines and boilers distributed over manufac- 
turing districts, and the expense and danger of 
maintaining an independent steam power for 
each separate establishment where power is 
used, are strong reasons for generating and dis- 
tributing compressed air through mains and 
pipes laid below the surface of the streets, in 
the same way as gas and water are now sup- 
plied. Especially in large cities would the 
value of such a system be invaluable; no more 
disastrous boiler explosions in shops filled with 
hundreds of working men and women; the 
danger of fire greatly reduced; a corresponding 
reduction in insurance rates; an important 
saving of space; cleanliness, convenience, and 
economy. As affording a means of dispensing 
with animal power on our tramways com- 
pressed air has been proposed as the motor. It 
has already met with some success in this direc- 
tion, and to-day there are eminent French, Eng- 
lish, and American engineers at work upon this 
interesting problem. Mr. Zahner treats first of 
the conditions modifying efficiency in the use 
of compressed air—loss of energy, methods of 
cooling, conditions most favorable to economy 
in the use of compressed air, efficiency attained 
in practice, and losses of transmission. In treat- 
ing of the physical properties and laws of air 
Mr. Zahner deals with the subject in a manner 
which will make it intelligible to every practi- 





cal man, and the same may be said of the sub- 
may chapters—thermodynamic principles 
and formule, thermodynamic equations applied 
to permanent .gases, thermodynamic laws ap- 
plied to the action of compressed air, the effi- 
ciency theoretically attainable, the effects of 
moisture, of the-injection of water, and of the 
conduction of heat; American and European 
air compressors; and examples from practice. 
There is, probably, no other book containing 
the same amount of useful information in a 
similar space, a circumstance which will suffice 
to commend it to the attention of every engi- 
neer who uses or could use compressed air as a 
motor.—London Mining Journal 


—_+>e—___—_ 
MISCELLANEOUS. 


EAN DeptH or THE SEA. —A large 
I amount of material for arriving at some 
approximately correct notion of the mean depth 
of the sea, has accumulated in recent years. In 
a note to the Gdttingen Academy, Dr. Kriim- 
mel has lately attempted this, in view of the 
vague and variable statements on the subject in 
text-books. Soundings were wanting for the 
Antartic and a part of the North Polar Sea, 7 ¢., 
about 475,000 square miles, or 7 per cent. of the 
entire sea-surface, so that he gives his estimate 
only as a closer approximation. He estimates, 
then, the mean depth of the sea as 1,877 fathoms, 
or 3,432 meters, or 0.4624 geographical miles. 
It was natural to compare the mean height of 
dry land above the sea level. Humboldt’s esti- 
mate of 308 meters is regarded as quite out of 
date. Leipoldt has since estimated the mean 
height of Europe as 300 meters. Accepting 
this number for Europe, 500 for Asia and 
Africa, 330 for America, and 250 for Australia, 
Dr. Krimmel obtains the mean of 420 meters, 
or 0,0566 miles. The surface-ratio of land to 
water being considered 1:2.75, the volume of 
all dry land above the sea-level is inferred to be 
140,086 cubic miles, and the volume of the sea 
3,138,000 ‘cubic miles. Thus the ratio of the 
volumes of land and water is 1:22.4. That is, 
the continents, so far as they are above the sea- 
level, might be contained 22.4 times over in the 
sea-basin. Reckoning, however, the mass of 
solid land from the level of the sea-bottom, the 
former would be contained only 2.443 times in 
the sea-space. Dr: Kriimmel also compares the 
masses (taking recent data); he finds that of the 
sea 3,229,700 cubic miles, and that of the solid 
land 3,211,310 (a small difference). If the 
specific gravity of the land were raised merely 
from 2.5 to 2.51432, we should thus have per- 
fect equilibrium. Such equilibrium is probably 
the fact.—Nalure. % 


NE of the latest attempts to correct the ir- 
regular flight of war rockets consists of 
fixing an additional head to the missile with 
holes in the neck for the escape of the powder 
gas rearwards, similar to the escapement at 
the base. It was thought that this would 
cause the rocket to preserve a more correct 
balance as well as increase its range, but it has 
found in practice to have the contrary effect, 
and the suggested improvement is a failure. 








